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" Method for generating molecules w ith specific properties by recombination 

and selection" 

The present invention relates to an improved recombination method which 
allows the generation of molecules with desired traits or characteristics and 
claims priority of the European patent applications 02 016 743.3 and 02 027 
002.1 which are hereby fully incorporated in terms of disclosure. 

Biotech evolutionary methods are used to search for novel ligands or mole- 
cules such as polynucleotides or polypeptides using empirical procedures to 
select molecules with the desired characteristics, e.g. binding properties of 
polypeptides, from large populations of variant gene products. These meth- 
ods are comparable to the process of natural evolution, since evolution 
includes the generation of mutation, selection of functionality over a time 
period and the ability of the system to self-replicate. 

In order to create molecular diversity in a library in order to generate mutant 
molecules several methods are known as for example the error-prone 
polymerase chain reaction and cassette mutagenesis, in which, the specific 
region to be optimised is replaced with a synthetically mutagenised oligonu- 
cleotide. Error-prone PCR uses low-fidelity polymerisation conditions to 
introduce a low level of point mutations randomly over a long sequence: This 
method can be used to mutagenise a mixture of fragments of unknown 
sequence but is limited when applied for multiple cycles due to the fact that, 
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for example, harmful or neutral mutations accumulate. This can for example 
cause a protein to be immunogenic. Thus error-prone PCR can lead to 
undesired results and, beyond this, is too gradual to allow block changes that 
are required for continued sequence evolution. 

Also oligonucleotide directed mutagenesis, with a short sequence being 
replaced by synthetically mutagenised oligonucleotides does not allow gen- 
eration of combinations of distant mutations and is thus not significantly 
combinatorial. A high number of selection rounds and sequencing is neces- 
sary and the process thus being labour- and cost-intensive and not practica- 
ble for multiple rounds of mutagenesis. 

The introduction of base changes in existing (also mutant) structures is an 
additive and thus a linearly increasing function. A process which relies on 
mutagenesis, selection and further mutagenesis also has the drawback that 
potentially synergistic mutations in different regions are lost since they are 
not selected in combination. Thus recombination processes are advanta- 
geous over processes which rely on mutagenesis in a large library. The con- 
siderable amount of extra work involved in trying to optimise a sub-optimal 
affinity of a lead peptide or protein, e.g. as isolated from even large libraries, 
but without taking the advantage of recursive or reiterative recombination or 
mutagenesis and recombination has been addressed before (Collins, 1997; 
Deshayes et al., 2002). 

Recombination processes which . reassort mutations accumulated in the 
selected population lead to an exponential increase of the combinations of 
mutations and thus to an increase of the number of variants in a population. 
Several methods are known in the state of the art which allow the production 
of recombinant molecules. 

Known in vivo methods are based e.g. on inter-plasmidic recombination, 
wherein libraries of recombined polynucleotide sequences are obtained by 
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genetic in vivo recombination of compatible or non-compatible multicopy 
plasmids inside suitable host cells (EP 1 138 763 A1). This can also be a 
site-specific recombination process. The drawback of the mentioned in vivo 
methods lies in the fact that molecules can only recombine in a single host 
cell thus severely limiting the possible diversity. Also, it is difficult to recom- 
bine at several positions within one recombination process. Further it suffers 
from genetic instability. 

In vitro recombination ("shuffling") methods are known in the state of the art 
which are based on PCR and on homologous recombination. These meth- 
ods are variously referred to "as sexual PCR" or "DNA shuffling", methods 
which aim at mimicking and accelerating evolution in the test tube to develop 
proteins with novel or improved characteristics (see for example EP 1 103 
606 A1; EP 0911 396 A1; EP 1 138 763 A1; Sternmer et aL, 1995; Crameri 
and Sternmer, 1995; Schmidt-Dannert et al., 20OO; Joern et al. f 2002). This 
latter line of pursuit is often combined with reiterative rounds of mutation, 
recombination and selection. The initial procedures described, involve ran- 
domized partial cleavage of populations of DNA molecules with unspecific 
endonucleases such as DNAsel and DNA amplification of the fragments 
without the addition of specific primers (as is usual with PCR) to reconstitute 
the whole-length gene. The generated fragments are suitable for PCR ampli- 
fication which is performed in order to recombine the fragments, yielding a . 
shuffled pool of recombined polynucleotides. The fragments can anneal with 
each other thus leading to cross-over reactions, since a DNA fragment 
derived from one template primes DNA synthesis by binding on the homolo- 
gous position of a related but different template. The products are subse- 
quently cloned as a cleaved unit length molecule into an appropriate expres- 
sion vector and screened for desired properties in an appropriate host 
organism. Further variants of DNA shuffling which all use PCR as a central 
feature for recombining DNA molecules have also been described with ran- 
dom priming (Shao et al., 1998). 
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The mentioned recombination processes have various limitations. If they are 
carried out with a population of homologous DNA molecules, having around 
99 to ca. 70% sequence homology (see e.g. Joern et al., 2002, where hep- 
tamer homology core sequences with variable G+C content are considered 
essential) recombination will occur. But the desireable option to recombine 
polynucleotides with lower homology on the DNA. level is quite limited. 
Groups which have studied the bias in recombination sites used during DNA 
shuffling with DNA segments of low homology, pointed out that this method- 
ology is not very suitable for this task since most of the molecules obtained 
were parental, i.e. had not undergone recombination, or had been preferen- 
tially involved in recombination at sites of highest homology (Schmidt-Dan- 
nert et al., 2000; Joern et al., 2002). Mathematical modeling and practical . 
measurement of recombination bias in practice ([Joern et al., 2002]) indi- 
cates that regions of higher homology will dominate as preferred recombina- 
tion positions during DNA shuffling, an effect which was neither desired nor 
originally discussed or anticipated by the inventors of the mentioned meth- 
odology although it can be considered a major antithesis to obtaining the . 
desired randomized recombination. It was noted in particular that where 
there is little homology between participating molecules there is a dispropor- 
tionate number of parental molecules which have not Undergone any recom- 
bination remaining in the population and causing an inordinate increase in 
the amount (numbers of clones to be screened) of screening necessary to 
find advantageous recombinants. In fact, erroneously, this methodology has 
been portrayed as optimal for directed evolution using gene families of low 
homology (e.g. [Crameri et-al., 1998]). 

PCR based methods have the further draw-back that it is necessary to clone 
the resulting recombination products into suitable expression vectors after 
recombination has occurred. The cloned products can then be tested for 
their characteristics by, for example, expressing them on a phage in phage 
display. After the next selection cycle it is again necessary to amplify the 
polynucleotides in the vector and to clone the resulting shuffled products into 
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a new vector before a new selection round with the recombined molecules 
can be performed, this, in toto, being quite time and labour consuming, 
especially if several rounds of recombination and selection are performed. 
Furthermore, erroneously recombined or incompletely extended molecules 
occuring during the shuffling process thus decreasing the efficiency of mak- 
ing the library and hence decreasing the quality of the library, since a high 
quantity of rejects, i.e. non-functional or unusable artefacts are created. 
Known recombination methods naturally aim at achieving high quantities of 
recombination products. However, the output in terms of physiologically 
active recombinants is lower than expected. It is therefore presently a goal of 
various research projects to further increase the number of variants. WO 
01/75091 shows, a combination process for CDR-regions of antibody frag- 
ments. The basic idea is to amplify the CDR regions of one molecule and to 
transfer this CDR region into a so called master framework. Thus it is possi- 
ble to transfer any CDR into a selected framework resulting in composite, 
recombined antibody molecules: Thus, a variability in the antibody binding 
site is created since also CDRs which usually would not create a binding 
region together can be brought together thereby allowing new folding struc- 
tures. Therefore a random recombination of CDR regions may be achieved. 
The created variants are captured in large libraries and analysed for their 
characteristics. The drawback of this technology is the fairly time consuming 
process of creation of the library by PCR and especially the performing of 
further recombination rounds since also with this method it is necessary to 
repeat the process of PCR-amplification of the CDRs and cloning jn the right 
positions of the master framework after each selection, process. Thus the 
method is not efficient enough to allow directed recombination: 

Furthermore, in developing an efficient recombination method it is necessary 
that important structural motifs which may have been selected for or which 
have accumulated during selection rounds are not disrupted. This problem is 
known in the state of the art (Joem et al., 2002). The so called "schema dis- 
ruption" describes the extent to which a cross-over disrupts beneficial 
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sequences analogous to its use in computer science and optimisation of 
genetic algorithms. Also nature shows this principal in order to increase the 
rate of evolution by allowing higher recombination frequencies in between 
genomic regions encoding functional or structural domains (exons), i.e. 
recombination taking place within the long intron encoding regions. This 
hypothesis is supported by recent data (Vbigt et al., 2002). 

As a result recombination methods are known in the state of the art, wherein 
exons are shuffled to mimic natural processes in order to evolve proteins by 
generating and screening libraries of exon-shuffled genes. This idea was 
initially conceived as a principle for library construction (Fisch et al., 1996 ) 
utilising a self-splicing intron in Escherichia coli, for peptide phage-display 
libraries, allowing siterspecific cre/loxP recombination within the intron. This 
system has, however, not found general acceptance and appears to suffer 
from genetic instability. Further in vitro methods are known (Kolkman and 
Stemmer, 2001). Exons or combinations of exons encoding domains are 
amplified using mixtures of chimeric oligonucleotides which determine which 
exons are spliced together. Mixtures of PCR fragments are then combinato- 
rially assembled into full-length genes using a self-priming overlap 
polymerase reaction (Crameri et al., 1996)^ Recombination occurs when an 
exon from one gene is connected to an exbn from a different gene. The . 
drawback of this method, as described above, results from the central reli- 
ance on homologous regions. Furthermore these systems are confined to 
cloning and expression in eukaryotic cells. 

It has also been proposed to recombine exons by the use of restriction 
enzyme sites present in the intron regions or at non-essentail sites between 
polypeptide coding regions (EP 1 149 905 A1). Preferably enzymes are used 
which generate non-palindromic sticky ends to allow an ordered reassembly 
in order to prevent the formation of head-to-head and tail-to-tail ligated mole- 
cules. The restricted molecules are ligated thus allowing the formation of 
recombined exons. Still recombination can only be performed between 



WO 2004/013328 




6 



PCT/EP2003/008305 

homologue sequences. If unrelated subsets are recombined non-functional 
Genes will be created. 

It is an object of the invention to provide an efficient recombination method 
with a higher yield of physiologically useful variants. 

The problem is solved by the independent claims. Advantageous embodi- 
ments are defined in the dependent claims. 

The present invention allows an ordered recombination also between differ- 
ent groups or regions of molecules. 

In theory it is possible to shuffle DNA between any clones. However if the 
resulting shuffled gene is to be functional with respect to expression and 
activity, the clones to be shuffled have to be related or even identical with the 
exception of a low level of mutations otherwise leading to non-functional 
genes, since otherwise expression products would bee generated that will 
not fold into a functional structure. Often sections of a molecule will freely 
recornbine while still retaining function. However, there are critical sections 
wherein it is important to preserve a given structure ("schema") which may 
vary widely within the population of molecules to be recombined. In the state 
of the art it is, therefore, either necessary to avoid recombination between 
such polynucleotides by physically/spatially separating the different groups, 
or to accept that high numbers of non-functional recombinants are created 
between the subgroups present in the population. 

According to a first embodiment of the present invention a recombination 
process for recombining a population of heterologous polynucleotides com- 
prising variant groups and/or regions is provided, wherein recombination is 
performed within one group of polynucleotides and/or between defined 
regions of polynucleotides by using different restriction sites in different 
groups and/or regions of polynucleotides. 
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For the purposes of this invention the expression Polynucleotide comprises 
any nucleotide sequence of natural or synthetic origin which can also com- 
prise analogous chemical structures. Heterologous means a variation in at 
least one nucleotide. 

The recombination method is based on the use of restriction enzyme cleav- 
age to generate useful ordered diversity in the recombination products. The 
invention allows to recombine different groups of polynucleotides or different 
regions of polynucleotides in one reaction thereby ensuring that recombina- 
tion can take place only within one group of polynucleotides or between 
defined regions of the polynucleotides. Thus the overall structure of the 
polynucleotides is preserved preventing the generation of false recombinants 
between different groups or between different regions of the polynucleotide 
which would enlarge the amount of rejects or dysfunctional structures 
(disrupted schema) in the library. As a result it is possible to carry out the 
process of the present invention, in one reaction, with mixtures of. several 
distantly related or unrelated groups (subsets) of polynucleotides, which 
recombine due to the use of different restriction sites independently, thus 
increasing diversity while maintaining structurally conserved regions. The 
method can be carried out without separation of individual components or 
clones. The method allows the generation of highly diverse polynucleotide 
populations and nevertheless ensures with a higher probability of novel 
recombinant molecules maintaining useful structure, as for example, their 
correct folding into secondary and tertiary structures. This may be at the level 
of the polynucleotide or in certain embodiments properties of a selected 
expressed peptide or protein encoded by the recombinant polynucleotide. 
This teaching thus allows the parallel recombination of different groups of 
polynucleotides or between different, regions of the polynucleotide in one 
ordered reaction. Also this feature allows to carry out recombination between 
certain structural units or subunits of the different groups in some regions 
and to avoid the same in other, critical regions, which for example could lead 
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to a useless fold in the expression product. This feature greatly enhances 
diversity and still leads to an extremely high number of correctly folded 
proteins. This characteristic will be discussed in more detail with a preferred 
embodiment of the invention. 

According to a further aspect of the present invention a recombination proc- 
ess for recombining a population of variant polynucleotides is provided, 

- wherein the polynucleotides comprise at least one section defining a struc- 
tural unit and at least one section defining an interstructural motif; 

- wherein at least two variant interstructural motifs are present in the popula- 
tion; - wherein variant interstructural motifs are recombined separately by 
Using different restriction sites in different interstructural motifs. 

This embodiment ensures the preservation of the overall structure of the 
polynucleotides which are recombined thus allowing to recombine polynu- 
cleotides with variant interstructural motifs wherein the overall structural 
frame is preserved. The variants can comprise for example different inter- 
structural motifs defining different regions being present between different 
structural units and/or interstructural motifs being present in the polynucleo- 
tide which vary in the population of polynucleotides thus defining different 
groups of polynucleotides with variant interstructural motifs. This can be the 
case if different subclasses of a molecule exist, meaning, for example, that 
the expression products have a slightly different folding structure at least in 
some sections of the molecule. The interstructural motifs can encode a 
polypeptide region which makes up the scaffold region of a protein as for 
example in an antibody, in enzymes, receptors and the like. The scaffold 
regions ensure that the regions making up the specific characteristics of the 
molecule are held in the correct position thus allowing e.g. target binding or 
catalytic activity. Preferred examples are the different subclasses of an anti- 
body. It is physiologically important to preserve the framework of an antibody 
or antibody fragment in order to preserve the orientation and in order to 
ensure that the molecules fold correctly. Otherwise many recombinants will 
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occur that have a wrong overall folding structure and thus cannot depict the 
desired characteristics even though the recombined structural units or struc- 
tural subunits would have been advantageous if presented in the correct fold. 
The invention overcomes this problem by using different restriction sites for 
each variant interstructural motif that participates in recombination and which 
is not allowed to recombine with different interstructural motifs thus assuring 
that a unique restriction site is present only in one particular subset 

Furthermore this embodiment allows the recombination of structural units as 
a whole. Structural units are for example polynucleotide sections encoding 
proteins, protein subunits, protein domains, polypeptide fragments or 
polypeptide secondary or supersecondary structures. Further a structural unit 
can comprise a polynucleotide section with special characteristics that are 
created by the polynucleotide itself. Recombination takes place at least at a 
restriction site present in the so called interstructural motifs. The interstruc- 
tural motif can comprise a polynucleotide section encoding for example a 
scaffold region of a polypeptide or a linker and can thus be a structural 
domain itself; The interstructural motif can also comprise part of a vector 
sequence, a non-coding region or any introduced polynucleotide. By use of 
restriction sites that are present at the interstructural motifs the structural 
units can be shuffled as a whole. Thus the disruption of structural sche- 
mata's as described above in the state of the art is avoided since beneficial 
sequences ("schema") are preserved during recombination mimicking natural 
evolution which in higher organisms (eukaryotes) is significantly accelerated 
or can be considered to rely to a large extent on the shuffling of exons; 

Therefore it is advantageous to control the position and amount of restriction 
sites within the polynucleotides that are recombined especially since the in- 
vention allows the ordered recombination of molecules that are not highly 
related on the nucleotide level but share homology on the primary, secon- 
dary or tertiary polypeptide level, since by introduction of a restriction site at 
an appropriate position in the polynucleotide a recombination site is created 
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allowing the recombination of molecules that are homologous only at the 
polypeptide level. 

With the present invention it is thus possible to evolve molecules which are 
made of structural units, as for example different protein domains by recom- 
bination processes. The method is very efficient in order to evolve molecules 
from for example variant gene families. Many, especially eukaryotic proteins 
depict a modular structure wherein the modules (usually domains) fold inde- 
pendently and can therefore be shuffled without destroying the fold of that 
module. Examples of such "mobile" domains which can also be shuffled 
between different proteins are disclosed in Kolkmann and Stemmer, 2001, 
which is incorporated herewith by reference. Thus it is possible to create 
variants or even new proteins by shuffling modules. Further examples of 
such modular molecules are e.g. antibodies, enzymes as e.g. TIM, triose- 
phosphat isomerase, enzyme inhibitors, receptors as t-cell receptors and 
the like. For example the TIM is made of an ordered framework structure 
consisting of barrels of fJ-strands and a helices and loops for the substrate 
binding. With the teaching of the present invention one can preserve the 
scaffold structure by inserting or choosing restriction sites in the interstruc- 
tural motif encoding the scaffold regions of the polypeptide. However, the 
method is not limited to natural populations of diverse genes even though 
this might be advantageous in some cases (see below). The basic principals 
of the invention are also suitable for the recombination and evolution of 
hypothetical genes wherein structural units or subunits are being evolved. 
With the methods of the present invention it is possible to maintain the 
"schema" or structural scaffold within functionally related sets. Basically all 
molecules which are made of structural units and/or structural subunits, 
wherein an ordered structure needs to be maintained can be recombined 
within the teachings of the invention preserving the overall structure and thus 
the scaffold of the molecules if necessary. For the purpose of this invention 
the terms "structural unit or subunit" or "schema" comprise any selected 
polynucleotide region with any functional property on any molecular level as 
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e.g. primary, secondary, tertiary or superstructure or domain or interdomain- 
properties, including the definition of Joern et al., 2002 which is fully incorpo- 
rated by reference or even hypothetical or empirical selections. The actual 
content of the broad definition of "structural unit or subunit" and "schema" for 
,the present invention will depend on the knowledge available to the person 
skiled in the art when applying the teaching of the invention, with respect to 
what motifs, structural elements or selected subgroups are functionally rele- 
vant. Even without this detailed knowledge related subgroups may be arbi- 
trarily (empirically) defined as apparently relevant, as is the case for the 
related framework subgroups seen amongst immunoglobulin variable 
regions;. 

Preferably at least one restriction enzyme is used which creates a non-palin- 
dromic cohesive end. The usage of non-palindromic cohesive ends ensures 
that the cleaved fragments will reassemble during ligation in an ordered way 
thus avoiding the formation of head-to-head or taiMo-tail ligated products 
which would decrease recombination efficiency. Because of this feature the 
efficiency of the library is greatly enhanced since less rejects are produced. 

These aspects concerning the shuffling of structural units and the use of 
restriction endonucleases which create non-palihdromic cohesive ends are 
also important for another embodiment of the invention which provides a 
recombination process for recombining at least two polynucleotides each 
encoding a polypeptide comprising at least a structural unit and at least one 
interstructural motif , which comprises 

cleaving the polynucleotides with at least one restriction enzyme creat- 
ing a non-palindromic cohesive end thus creating a recombination site; 
. wherein a restriction site is present in the interstructural motif which 
comprises a coding region of the polynucleotide; 
ligafmg the resulting mixture of fragments. 
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This embodiment is advantageous due to the above explained shuffling of 
structural units. Further this embodiment allows the recombination of polynu- 
cleotides within the coding regions of a polynucleotide. Thus the recombinant 
polynucleotides can be expressed in prokaryotic cells since no introns or 
exons are present which would make the expression in. eukaryotes neces- 
sary. 

Preferably a PRE is used as a restriction enzyme in order to create non-pal- 
ihdrpmic cohesive ends. Polynucleotide releasing enzymes (PREs) comprise 
proteins possessing endonucleolytic activity, where the cleavage of a 
polynucleotide polymer takes place at a site physically removed, but at a 
fixed distance, measured as a specific number of nucleotide bases, from the 
specific recognition or binding site (lists of such enzymes and their properties, 
can be accessed at http://rebase.neb.com). The first type of enzyme recog- 
nised as having such properties were the type Us restriction endonucleases ( 
[Podhajska and Szybalski, 1985 ];[Szybalski, 1985]). The term is now taken 
to encompass also chimerical protein genes encoding products which con- 
tain the unspecific cleavage domain of the endonuclease joined to a novel 
specific DNA binding site [Aggarwal and Wah, 1 998]. 

It will be appreciated by a person skilled in the art that in case different 
restriction sites are used in order to allow an ordered recombination between 
different regions or groups of polynucleotides as explained above it is suffi- 
cient to create unique restriction sites. The restriction site comprises the 
position where the actual cleavage takes place and preferably a cohesive 
end is created. The restriction site can be distinct from the recognition 
(binding) site in case a PRE is used. This can either be achieved by the use 
of different restriction enzymes which recognise different recognition 
(binding) sites and which create different cohesive ends by cleavage. Thus 
for example a different enzyme is used for each subclass of a molecule in 
case recombination between subclasses is expected to cause problems. 
However, this aim may also be achieved by the use of the same restriction 
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endonuclease if it is ensured that the nucleotides at the actual cleavage site 
vary between the different groups of polypeptides or regions and are unique 
for each group or region which should recombine with each other. For this 
embodiment it is advantageous to use a PRE. The recognition site would be 
the same for each variant group or region but the nucleotides at the adjacent 
cleavage site would vary between the different groups or regions due to 
nucleotide sequence variations thus preventing recombination between dif- 
ferent groups or regions. The uniqueness of the resulting recombination site 
(cohesive end) for each group or region can for example be ensured by site 
specific mutagenesis at the actual cleavage site. 

It is preferred that the polynucleotides are present in a vector during recom- 
bination. Of course per definition also the polynucleotide itself can be a vec- 
tor construct! The recombination of whole vector constructs has the advan- 
tage that cloning steps after recombination are avoided and after the recom- 
bination process of the : present invention the polynucleotides are again 
present in the vector and can be directly used for selection avoiding time and 
labour consuming intermediate cloning steps. 

In case a circular polynucleotide as e.g. a vector is recombined at least two 
restriction enzymes should be used. Preferably the cleaved circular polynu- 
cleotides ligate and recombine at high concentrations allowing the formation 
of concatemers. Suitable concentrations are namely >50ug/ml up to 2mg/ml. 
Preferentially a concentration of more than 200ug/ml is used. The con- 
catemers are resolved by cleavage with a restriction enzyme releasing 
recombined vectors which are recirculised by ligation at low DNA concentra- 
tions (<50ug/ml) and are ready for use. Preferably the first restriction enzyme 
is a PRE enzyme which creates non-palindromic cohesive ends ensuring 
that upon ligation the original structure of the polynucleotides is re-estab- 
lished in the recombined molecule preventing head-to-head and tail-to-tail 
ligated recombined molecules. Since the circular polynucleotides which are 
linearised by the use of the first PRE enzyme create ligation constructs com- 
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prising several ligated vector sequences ligated into a concatemer. it is nec- 
essary to then resolve these concatemers with a second enzyme which 
releases single recombined polynucleotides allowing the recircularisation of 
the polynucleotide by ligation. This resolving restriction enzyme can option- 
ally be a PRE. Preferably the restriction sites for recombination are present 
in the interstructural motif. 

In a preferred embodiment, where after cleavage with a first PRE specific for 
a defined subgroup, the molecules are ligated to form a concatemer, it is 
also revealed in the invention that resolution at a second restriction site 
within the subgroup-specific structure, followed by circularization of the vec- 
tor will also lead to subgroup-specific recombination at the second restriction 
site, whether or not this second restriction site is subgroup specific or not (as 
shown in Fig.8). The latter point relies on the fact that group specific con- 
catemers have been formed and that ring closure will be formed due to low 
DNA concentration. 

According to the invention it is possible to choose appropriate binding sites 
for one or more restriction endo nucleases which are already present in the 
polynucleotide or to introduce such sites by site specific mutation at prede- . 
fined positions which are appropriate for recombination. Preferentially the 
binding sites for one or more restriction enzymes are introduced at defined 
positions (interstructural motifs) between gene segments encoding heterolo- 
gous structural units or subunits as explained above. For this purpose it is 
also possible to introduce interstructural motifs between structural units as 
subunits in order to create appropriate locations. This introduced interstruc- 
tural motif can be any nucleotide sequence and length and serves as an 
equivalent to an intron by recombination without destruction of the structural 
units. Of course also an intron may be introduced as an interstructural motif. 
Preferably the intron is removed after recombination, for example by using a 
self-splicing intron. However, the added interstructural motif may remain in 
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the created polynucleotide If the frame of the encoded polypeptide is not 
destroyed. 

Further a method is provided for evolving a molecule by selection and 
recombination which comprises the use of a recombination process as out- 
lined above. In detail the method comprises: 

a. ) creating a starting library by cloning the polynucleotides to be recom- 

bined into an expression vector if the polynucleotide itself is not a vec- 
tor 

b. ) recombining the library members with the process according to the 

invention as described above 
c:) selecting candidates with improved characteristics 
d.) optionally performing further rounds of recombination and selection. 

Optionally the polynucleotides are mutagenised before or after selection in 
order to create additional diversity. It is also possible to mutagenise the 
polynucleotides before the starting library is created. It is even possible to 
start the population from one parental polynucleotide which is mutagenised 
in order to create variants. Conventional mutagenesis methods such as for 
example error-prone PGR,, cassette mutagenesis and chemical mutagenesis 
methods may be referred to. 

Preferably the polynucleotides are expressed such that it is possible to link 
the genotype to the phenotype. The library can be, for example, an expres- 
sion library wherein the polynucleotides are expressed in a host cell. The 
recombined polynucleotides are expressed in a cell and selection is per- 
formed by screening or selecting for a particular phenotype among the cell 
clones as for example whether they can deliver a certain resistance to the 
host cells. The expression products also be screened for a certain catalytic 
activity or the like. 
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Various expression systems are known and applicable, including systems 
comprising: prokaryotes (e.g. E.coli) transformed with, e.g., recombinant 
phage, phagemid, plasmid or cosmid expression vectors; eukaryotic systems 
as for example yeast transformed with, for example, yeast expression vec- 
tors; insect cell systems transformed with, for example, viral expression 
vectors; plant cell systems transfected with, for example, viral or bacterial 
expression vectors; animal cell systems transfected with, for example, ade- 
novirus expression vectors. 

The expression vectors may include a prokaryotic replicon, an appropriate 
promoter capable of directing expression of the genes in the respective host 
cell. Typical prokaryotic vector plasmids are: pUC18, pUC19, pBR322 and 
pBR329 available from Biorad laboratories (Richmond, CA, USA); pTrc99A, 
pKK223-3, pKK233-3, pDR540 and pRIT5 available from Pharmacia 
(Piscataway, N J, USA); pBS vectors, Phagescript vectors, Bluescript vectors, 
pNH8A, pNH16A, pNH18A, pNH46 A available from Stratagene Cloning 
Systems (La Jolla, CA. 92037, USA). A typical mammalian cell vector is pSVL 
available from Pharmacia (Piscataway, NJ, USA). Useful yeast plasmid vec- 
tors are for example pRS403-406 and pRS413-416 and are available from 
Stratagene Clorting Systems (La Jolla, CA 92037, USA). Plasmids pRS403, 
pRS404, pRS405 and pRS406 are Yeast Integrating . plasmids (Yips) and 
incorporate yeast selectable markers. Plasmids pRS413-416 are Yeast Cen- 
tromere plasmids (Y cps). 

In one embodiment the selection procedure comprises the selection for affin- 
ity to a defined target. In order to evolve molecules with certain binding char- 
acteristics it is preferred to create a display library. The molecules that are 
displayed on the surface of the host can be easily screened for their binding 
characteristics by contacting them to the target molecule which is for exam- 
ple immobilised on a carrier. A phage or phagemid library is preferred 
because of the technical advantages of this vector system as to be outlined 
below. 
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The display of proteins or polypeptides on the surface of bacteriophages 
fused to one of the phage coat proteins as for example pill or pVIII, provides 
a powerful tool for the selection of specific ligands. First a polynucleotide 
encoding a protein or polypeptide for display is cloned into a phage, wherein 
the cloned polynucleotide is expressed fused to the coat-anchoring part of 
one of the phage coat proteins (pill or pVIII in case of a filamentous phage) 
such that the foreign protein or polypeptide is displayed on the surface of the 
phage. The phage displaying the protein or polypeptide with the desired 
properties is then . selected (e.g. by affinity methods) thereby providing a 
genotype (linked to a phenotype) that can be sequenced, multiplied and 
transferred to other expression systems. 

Alternatively, the foreign protein or polypetide may be expressed using a 
phagemid vector that can be packaged as a single stranded nucleic acid in a 
bacteriophage coat. When phagemid vectors are employed a "helper phage" 
is used which supplies the functions of replication and packaging of the 
phagemid nucleic acid. 

Several methods of selecting phage expressing a protein or peptide with a 
desired specificity are known in the state of the art and applicable. A w.dely 
used method is the so called panning, in which phage stocks displaying 
ligands are exposed to solid phase coupled target molecules, e.g. using 
affinity selection. Any method for selecting phages may be used with the 
present invention. 

The use of phage display to isolate ligands that bind biologically relevant 
molecules is known (Katz (1997) Annual Rev. Biophy. Biomol. Struct. 26, 27- 
45and Hoogenboom et al. (1998) Immunotechnology 4(1), 1-20). Also pro- 
teins and multimeric proteins have been successfully phage displayed (EP 
0349578A; EP 0527839 A; EP 0589877A; Chiswell and McCafferty, 1992, 
Trends Biotechnol. 10, 80-84). In addition functional antibody fragments 
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have been expressed (see above). Further information on the principles and 
practice of phage display is provided in Phage display of peptides and pro- 
teins: a laboratory manual by Ed Kay, Winter and McCafferty (1996) Aca- 
demic Press, Inc ISBN 0-12-402380-0, the disclosure of which is incorpo- 
rated herein fully by reference. 

The generated evolved polypeptide sequences are expressed in a host cell 
and can be recovered and purified from recombinant cell cultures by well- 
known techniques including ammonium sulphate or ethanol precipitation, 
acid extraction, anion or cation exchange chromatography, phosiphocellulose 
chromatography, hydrophobic interaction chromatography, affinity chroma- 
tography, hydroxylapatite chromatography and lectin chromatography. Also 
high performance liquid chromatography (HPLC) can be employed for purifi- 
cation. 

It will be appreciated by a person skilled in the art that the methods of the 
present invention can be used to produce recombinant polynucleotides 
encoding antibodies or antibody fragments especially polypeptides encoding 
a variable domain of an antibody. According to a special embodiment of the 
invention thus an advantageous process is provided for recombining anti-^ 
bodies and/or antibody fragments. The variable domain may be for example 
an IgG, jgM, IgA, IgD or IgE variable domain. 

Structurally the simplest antibody (IgG) comprises four polypeptides, two 
heavy (H) chains and two light (L) chains which are connected by disulphide 
bonds as it is shown in Flg.1. The light chains exist in two distinct forms, 
called kappa (K) arid (X). Each chain has a constant region (C) and a vari- 
able region (V). Each chain is made up of a series of domains. The light 
chains have two domains, one corresponding to the C region and one to the 
V region. The heavy chains have four domains, one corresponding to the V 
region and three domains in the G region. The antibody has two arms 
W h ere j n each arm is a Fab region and comprises a binding site for an anti- 
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gen. Each Fab (see Fig. 1a) region has a VL and a VH region associated 
with each other. It is this pair of V regions that differ from one antibody to 
another (owing, to amino acid variations). Each V region is made up from 
three complementarity determining regions (CDR) separated by four frame- 
work regions (FR). The CDRs are the most variable part of the variable re- 
gion and they perform the critical antigen binding function. The FRs ensure 
that the CDRs are held in the correct place in order to allow binding. Thus 
the correct fold of the framework is important, moreover it has been shown 
that single framework amino-acids can take part in antigen binding. The con- 
stant regions GH1 and CL stabilise the heterodimer by noncovajent associa- 
tion. This, allows more variability in the VH and VL domains, since they are 
not limited by stabilising needs. Different subclasses of variable domains 
exist that are different in dimension and fold. Three distinct V H "clans", 
referred to as antibody-subclasses (heavy-chain variable subclasses), were 
defined by Kirkham et al., (1992), based on protein structural conservation in 
two (FR1 and FR3) of the three framework intervals, which are essentially 
the same as the three "Kabat" groups previously defined on the basis of the 
DNA sequences which are described in Kabat et al. (1 991 ), 

It has been shown that the function of binding agents can be performed by 
fragments of a whole antibody. Examples of binding fragments are . e.g. the 
Fab fragment consisting of the VL, VH, CL and CH1 domains, the Fd frag- 
ment consisting of the VL and VH domains, the Fv fragment consisting of the 
VL and VH domains of a single arm of an antibody the dAB fragment which 
consists of a VH fragment, isolated CDR regions and F(ab') 2 fragments, a 
bivalent fragment comprising two Fab fragments linked by a disulphide 
bridge at the hinge region. Since the Fv fragment lacks the stabilising con- 
stant regions they can be linked by for example a synthetic linker in order to 
ensure the creation of an antigen binding site (ABS). 
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All these different antibody fragments can be recombined according to the 
present invention, even though the recombination of Fab fragments is pre- 
ferred due to stability reasons. 

According to a further aspect of the invention it is possible to recombine 
polynucleotides encoding structural units which are made up of structural 
subunits being connected by interstructural motifs. One important example of 
this embodiment comprises variable fragments of an antibody. In this 
embodiment the variable fragment is the structural unit which is made of 
CDRs as structural subunits that are connected by framework regions as 
interstructural motifs. According to the present invention either the structural 
units as a whole and/ or the structural subunits. can be recombined thus 
increasing diversity. Also the structural subunits can comprise protein 
domains, protein fragments, protein secondary or supersecohdary structures 
and the like. The shuffling of whole subunits has the same advantage as 
explained above for the shuffling of structural units. 

Thus a recombination process for recombining a population of polynucleo- 
tides with variant interstructural motifs is provided wherein the polynucleo- 
tides comprise a section encoding at teast a variable fragment of an antibody 
as a structural unit, wherein the CDR regions of the variable fragment define 
the structural subunits that are recombined with each other and at least the 
FRs define the interstructural motifs, wherein at least two different sub- 
classes of Variable fragments are encoded by the polynucleotide population, 
wherein the framework of the different subclasses is preserved during 
recombination by allowing independent recombination of the different groups 
of subclasses (see Figure 5). 

According to one embodiment FR3 is used for recombination. The different 
subclasses thus comprise a different restriction site in the polynucleotide 
section encoding the FR3 thus allowing shuffling of the region. This embodi- 
ment is advantageous since the CDR-3 is the most variable CDR. 
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According to a preferred embodiment the restriction site preceedes the 
heavy-chain coding sequence thus allowing shuffling of VhCDR1+2, and 
keeping the V H -CDR3 region together with the same light chain. This 
embodiment is preferred since the CDR3-light chain combination is consid- 
ered as a single "schema" which should not be disrupted during initial selec- 
tion where affinities are expected to be relatively suboptimal. In this embodi- 
ment in a later step, light and heavy chains, from the selected population 
would be shuffled to obtain further independent diversity. 

According to one embodiment the polynucleotides are present in a display 
vector. The vector can comprise at least the variable fragments; of either the 
light or the heavy chain whereby two different libraries are created, each 
containing several subclasses; Recombination of CDR regions is allowed 
within each subclass of each library. The vectors comprising the variable 
fragments Of the light chain and the vectors comprising the variable frag- 
ments of the heavy chain can therefore be recombined separately in vitro 
according to the process of the present invention and can be brought 
together in one host cell in order to allow the display of a functional binding 
antibody fragment. 

Preferably the vectors comprise at least the variable fragments of the light 
and the heavy chain. This embodiments allows recombination between the 
CDRs of either the light or the heavy chain as described above and also the 
recombination of the heavy fragments against the light fragments by using 
restriction sites for recombination which are present between the fragments 
to be recombined. In case the fragments are Fab fragments the additional 
restriction site for recombination can be present in a region which is part of 
the vector. In case Fv regions are shuffled at least one recombination site for 
shuffling light against heavy variable fragments are preferably present in the 
section encoding a linker region connecting the variable heavy fragment to 
the variable light fragment. The additional recombination between the light 
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and the heavy fragments increases diversity and also ensures that the host 
cells are transformed with a construct that encodes the variable heavy and 
the variable light fragment thus ensuring, the display of a functional binding 
fragment. By using different restriction sites it.can be ensured that the shuf- 
fling of the light against the heavy fragment is group specific, for example is 
only allowed between the same subclass. 

The polynucleotides comprising the antibody fragments can be generated by 
producing a library of antibody genes which includes a set of variable regions 
encoding a large diverse and random group of specificities derived from ani- 
mal or human immunoglobins by amplification or cloning diverse genomic 
fragments or cDNAs of antibody mRNAs found in antibody producing tissue. 
Genomic DNA encoding antibodies or cDNAs of antibody mRNA can be 
obtained from any antibody-producing cells, such as spleen cells, peripheral 
blood cells, lymph nodes, inflammatory tissue cells and bone marrow cells or 
can be obtained from a genomic library or cDNA library of B cells. The anti- 
body-producing cells can be of human or non-human origin; genomic DNA or 
mRNA can be obtained directly from tissue or can be obtained after a treat- 
ment of the tissue in order remove cells or to increase the concentration of 
antibody^producing cells. Also the antibody-producing cells can be stimu- 
lated by ah agent which stimulates the antibody mRNA production as for 
example I ipopolysaccharides, before the DNA is obtained. 

The antibody encoding DNA or mRNA (respective cDNA) can be amplified 
and cloned using standard techniques such as PCR using appropriately se- 
lected primers in order to produce sufficient quantities of the DNA and to 
modify the DNA in such a manner that it can be introduced as an insert in the 
chosen expression vector and in order to introduce the desired restriction 
sites for recombination and possibly resolution. As soon as the fragments 
are present in an expression vector they can serve as starting library. 
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It is preferred to create the starting library from cDNA of immunised donors. 
Special reference to the cDNA library used in Stryhn et al., 1996 and Ander- 
sen et al., 1996 is made as the starting point for construction of the initial 
library which disclosures are incorporated herein fully by reference. The 
cDNA library according to the methods described in these documents was 
created with extreme care in order to prepare a large number of individual 
clones wherein it is clear to a person skilled in the art that a high class start- 
ing library can be created from such a high class cDNA material with respect 
to quality and diversity. 

According to another embodiment of the present invention for creation of a 
naive human antibody library - whereby naive refers to the fact that none of. 
the individuals from whom immunoglobulin mRNA was obtained had been 
challenged with a particular antigen - immunoglobulin gene fragments were 
generated from cDNA which was generated from a large number of indi- 
viduals with a wide range of histocompatibility alleles (MHC/HLA groups). 
With this large library it is expected that several different antibodies can be 
obtained against any particular target, some of which will derive entirely from 
an individual with a particular HLA genotype. Such an antibody wouid then 
be particularly suitable for clinical applications in individuals with that par- 
ticular HLA genotype. Thus the method of the present invention comprises 
potential advantages in the area of semi-personalized medicine and also 
provides the possibility of so called "ethnologically-oriented personal medi- 
cine", e.g. where the initial human antibody library is generated from cDNA 
is derived from individuals of particular ethnological groups, as for example 
African, Hispanic or Japanese people. 

Another advantageous aspect of the preferred embodiment lies in the itera- 
tive recombination at specific sites between structural domains, in the case 
of the framework regions lying between the CDR loops which influence the 
spacing of the loops. These can vary according to the respective Kabat sub- 
class (for example in size). According to the preferred embodiment recombi- 
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nation only takes place within the framework regions of one subclass thus 
preserving the framework and fold of the recombined molecule as described 
above. This aspect is a powerful way to increase structurally stable diversity 
both during the construction of the initial library as well as in further steps 
during the selection and amplification procedure. A higher stability of the 
obtained antibodies or antibody fragments would also improve the half-time 
of the circulating antibody or antibody fragment which is advantageous if it is 
used as a pharmaceutical. 

Obtaining antibodies from antibody libraries which are more likely to fold cor- 
rectly is advantageous over methods which do not consider this aspect, 
eventually leading to molecules which are not folded correctly. Often this will 
lead to additional rejects lowering the efficiency of the library, subsequent to 
a recombination process. In some cases the consequences can be even 
more severe leading to immune reactions. Correctly folded antibodies have 
the lowest likelihood of having developed novel antigenic/immunogenic 
properties, thus recombination within the antibody gene population which is 
also necessary for obtaining products with high affinity and specificity should 
preferentially maintain the framework structure. This is an advantage over 
methods known in the state of the art for creating large antibody libraries as 
for example random recombination of CDRs or replacement of natural CDRs 
with synthetic sequences. Known methods do not ensure that the antibodies 
fold correctly and thus useless or even antigenic/immunogenic antibodies 
are created which lowers the quality of the library due to the higher number 
of rejects. Because of this limitation additional recombination or mutagenesis 
steps which do not preserve the structure should be carefully considered 
since these mutations can also increase the likelihood of generating harmful 
antigenic mutations. 

It is preferred to use multiple frameworks according to the present invention 
as opposed to using a single or a few framework regions which remain 
unaltered during recombination, for the following reasons: 
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If only a single framework is used in the library, an individual is unlikely 
to be able to use more than one product derived from this library, within 
a period of about ten to twenty years, if an antigenic reaction occurs 
during the initial treatment with a product from this library. This may be 
the case if a patient develops an allergic or immune reaction to the 
product of the library in which epitopes of the framework are recog- 
nised. No alternative product from a series of similar antibodies derived 
from the same library can be used to continue the treatment since the 
allergic or immune reaction would eventually occur, since the same 
framework is present. Even after years this patient would be in danger 
of anaphylaxis if ever treated with a product derived from the same 
library even if it is designed for a different target or a different disease, 
since common framework regions will be recognised as allergens. This 
scenario is prevented by the use of multiple frameworks. ■ 
Many CDRs will be incompatible with the one framework into which 
they have been inserted, as has been documented for the "grafting .of 
CDRs" from murine to human antibody frameworks in the process of 
producing "humanised antibodies". By trying to compensate for this dis- 
advantage by increasing the number of sites of recombination, it is only 
possible to coyer: an insignificant proportion of the recombinants pro- 
duced (e.g. if 1000 different clones are isolated after an intermediate 
selection, and all 6 CDRs are recombined, 10 18 combinations can theo- 
retically be produced, although only ca. 10 8 to 10 9 will be created 
(Carson et al., 2000; Olin et al., 2001). 

If only a single framework is used the useful diversity which has accu- 
mulated during somatic maturation of the antibody genes will not be 
present in the library and may have to be introduced by mutagenesis 
later - a long and tedious process which may or may not achieve the 
intended affinity, i.e. it is advantageous to use more than one frame- 
work, since the possible diversity that can be generated within the 
library is dramatically increased. 
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Comparing the antibody library which can be created according to the 
present invention to "the state of the art", the advantages are evident. For 
example Hoogenboom in creating a large non-immune library (from 
preferentially IgM origin) criticised the low affinity obtained with previous 
libraries in which synthetic CDRs were used, or where scFv format had been 
used and stability problems had arisen, and presenting the possibility of 
having lower antigenicity in a non-immune library as a strong advantage 
increasing the facility of developing an antibody for clinical use 
([Hoogenboom, 1999L Non-immune libraries are created from individuals 
that have not been specifically challenged with any particular target. 
According to a preferred embodiment of the invention an IgG and IgM 
derived library is created which has the advantage of having greater diver- 
sity, which with the inventive method in particular will be increased exponen- 
tially during the recombination process. Without prior immunisation it is diffi- 
cult to generate highly affine antibodies since the frequency of usable H-L 
pairs is low in a non-immune library. The use of the method according to the 
invention in a preferred embodiment conserves framework regions, with their 
CDRs, allowing a huge increase in diversity while keeping the generation of 
immunogenic epitopes and rejects to a minimum. Furthermore the structural 
maintenance of the framework subtypes should ensure the creation of novel 
antibodies in the libraries which can fold correctly, thereby ensuring a higher 
proportion of selectable antibody structures within the library. 

Further evidence for the high quality of a library derived from natural V 
regions without the use of synthetic CDR rearrangement and substitutions, 
comes from a comparison of the results obtained with such an unadulterated 
library ([Sheets et al.,1998]) compared to any other results reported in the 
literature even without the use of directed evolution techniques. With natural 
libraries it is possible to achieve much higher affinities than for those 
obtained with libraries containing synthetic CDRs. CDRs of human origin are 
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further proofread and it is thus unlikely that they are immunogenic. This is an 
advantage over artificial libraries. 

The products achieved by the process of the present invention can be used 
for deriving human therapeutic antibodies and antibody fragment conjugates. 

Antibodies or antibody fragments generated from sequences which are 
selected from these libraries as described above can be used as diagnostics 
and/or therapeutic products for the treatment of diseases including immune 
dysregulation (including psoriasis), cancer, septic and toxic shock, blood 
haemostasis, nerve regeneration, pain, psychological disorders, appetite 
dysregulation, sexual dysfunction and wound healing or for vaccines. They 
can also be used for targeted delivery of other pharmaceuticals to differenti- 
ated or neoplastic animal or human cells or as cosmeceuticals. 

Fig. 1a shows the structure of an antibody 
Fig. 1b shows the structure of a Fab fragment , 
Fig. 2 shows the expression cassette of the huFab vector 

Fig. 3 shows schematically a huFab vector according to another 

embodiment ' 

Fig. 4 shows schematically the recombination process according to a 

preferred embodiment 
Fig.5 is a schematical view of the recombination of different groups of 

polynucleotides 

Fig. 6 and 7 show in a cloning diagram how the fragments were generated 
and cloned into the huFab vector and refers to the example 

Fig. 8 shows in a diagram the method for generating an evolved 

molecule by selection and recombination 
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Fig. 9 



Figs.lOa 
and 10b 
Fig. 11 



Fig. 12 



Fig. 13 a 
and 13 b 
Figure 14 
Figure 15 
Figure 16 
Figure 17 
Figure 18 



shows the forward and back primers used in order to introduce 
unique restriction sites for each subgroup VH1-VH3 and refers 
to the example 

show examples (Examples 1 and 2) of the recombination 
process according to the invention. 

shows the results of a completely human Fab library used for 
phage display-based selections on human VEGF (vascular 
endothelial growth factor) according to the invention (Example 

3). : 

shows the results of a completely human Fab library used for 

phage display-based selections on human IGF (insulin like 

growth factor) according to the invention (Example 4); 

shows A schematic overview over the selection conducted 

according to examples 3 and 4; 

shows the Phage ELISA as described in example 3; 

shows the Phage ELISA as described in example 4; 

shows the production and purification of soluble Fab fragments; 

shows the kinetic analysis for hVEGF: 

shows the kinetic analysis for hIGF. 



It should be noted that variants and recombinants illustrated are shown in the 
figures as single representatives of much larger series. 



The content of Fig.l has already been explained above. 



Fig.2 shows the expression cassette of the huFab vector as it is also shown 
in Fig.3 and Fig.4. The expression cassette is constructed for displaying a 
Fab fragment. In this embodiment a fragment encoding the variable light 
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fragment of an antibody and a fragment encoding the variable heavy domain 
of an antibody is cloned in the phagemid display vector. The variable light 
domain (VL) is cloned 3' of a pelB leader sequence. Also the constant region 
C is present 3' of the variable light domain (VL) which can be either K or X. 
Thus a fragment is expressed which comprises the variable light domain and 
the constant domain of an antibody. The variable light domain and . the 
constant domain of the light chain are separated from the variable heavy 
domain (VH) by a vector linker sequence which comprises a Shine-Dalgamo 
sequence (SD). Adjacent to the linker section a second pelB leader 
sequence is present. The CDRsI to 3 are indicated for each fragment as are 
the framework regions FR3. The constant region CH1 is present 3' of the VH 
region. Pill is defining the phage protein pill which is the display protein in 
this embodiment. Also the cloning sites Sfil, AscI, Mlul, and Notl are indi- 
cated which can be used for cloning the fragments into the vector (see 
example below). Also restriction sites. are indicated which can be used for 
recombination inbetween different subclasses as for example the sites intro- 
duced by PCR as Spel in VH1, Hindlll in VHII, Xho in VHIII and Sapl. Also 
the Sfil and the AscI site can be used for recombination. 

Fig.3 shows the Fab-encoding part of the phagemid vector which is used for 
recombination as explained according to Fig .4. 

Fig. 4. demonstrates possible recornbinations which can be performed using 
the indicated restriction sites. According to the preferred embodiment the 
naive library is first digested with restriction enzyme A (Sapl) wherein the 
restriction site is designed such that characteristic overhangs are created 
following Sapl restriction at site A between heavy and light chain thus allow- 
ing recombination only within one subgroup thus enabling conservation of 
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the functional framework context. Sapl creates non-palindromic cohesive 
ends thus further allowing an ordered recombination between the fragments 
preventing head-to-head and tail-to-tail formation upon ligation thus increas- 
ing the efficiency of the library. Thus three different concatemers are formed, 
one for each subclass. The concatemers are resolved by the use of the 
respective B enzyme, wherein B 1 (Spel) resolves the cohcatemer comprising 
fragments of subgroup VH1, B 2 (Hindlll) resolves the concatemers compris- 
ing the subgroup VH2 and B 3 (Xhol) resolves the concatemers of subgroup 
VH3 and are recircularised by ligation. Thus the VL-V H CDR1-2 fragment is 
shuffled against the HCDR3 fragment wherein the theoretically accessible 
library comprises 10 i4 clones. The diversity can be enhanced by additionally 
recombining the light fragment against the heavy fragment. This can be per- 
formed by using the restriction sites C 1 and C 2 which refer in this figure to the 
restriction sites Sfi and AscI wherein Sfil creates non-palindromic cohesive 
ends and is used as the first restriction enzyme and wherein AscI is used as 
the resolving enzyme for resolving the concatemers. The chains cart also be 
shuffled though without the formation of concatemers. 

It is appreciated by a person skilled in the art that it is also possible to shuffle 
the other CDRs (CDR1 and 2) of the variable heavy domain and also the 
ones of the variable light domain (CDR1 to 3) by introducing appropriate 
restriction sites in the respective framework regions. It is also appreciated by 
a person skilled in the art, that it is possible to create separate libraries for 
the heavy chain and the light chain fragments. By insertion or using appro- 
priate restriction sites in the framework regions it is possible to shuffle CDRs 
against each other within the light or heavy fragment library. In order to allow 
expression of a functional Fab it is necessary according to that embodiment 
to transform the respective host with a vector of each library or the host itself 



WO 2004/013328 



PCT/EP2003/008305 



32 



• 



carries a respective expression cassette in its genome. Thus a variation of 
the composition in which light and heavy chains are expressed together 
takes place. Also it is possible to perform in vivo recombination in order to 
enhance variation. It is also appreciated by a person skilled in the art that 
instead of three restriction sites for three different enzymes as used in the 
. above described embodiments in order to recombine the CDR3 regions it is 
also possible to use one restriction enzyme in case it is assured that upon 
cleavage different cohesive ends are created for each subgroup as it is pos- 
sible with for example PRE enzymes. Thus it might be necessary to vary the 
nucleotides at the recombination site which gets created upon cleavage by 
mutagenesis. 

Fig. 5 shows how highly efficient recombination is performed within the three 
different subgroups wherein recombination is restricted to within the three VH 
framework groups (as explained above). First circular phagemid DNA is 
cleaved with the typells restriction enzyme Sapl which creates a unique non- 
palindromic cohesive end which is unique for each framework group wherein 
the different VH framework groups are indicated by different shadings. As a 
result of step one the vectors are linearised upon cleavage wherein each 
subgroup has a unique, group-specific cohesive end. In step 2 the cleavage 
products are ligated at high DNA concentrations thus forming three sets of 
concatemers each containing only members of the same framework group 
since the three different framework groups have different cohesive ends 
generated on cleavage with Sapl. The brackets indicate the original, line- 
arised vector in the concatemers. In step 3 a second cleavage within the 
framework group specific restriction enzymes (Spel, Hindlll and Xhol) leads 
to resolution of the recombination products, i.e. monomeric units are formed 
which on ligation at lower DNA concentrations (Step 4) form by ring closure 
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phagemid vectors, which have the same general structure as the starting 
plasmids, but in which the VH-CDR3s have been recombined with VH- 
(CDR1 + 2) variants from other clones. All these reactions can be carried out 
in a "one pot" reaction without the need for separating or purification of any 
fragments. According to the shown embodiment it is also possible that during 
recombination the VH-CDR3 region remains with the same light chain a fea- 
ture which contributes to maintaining the structural schema and also the sta- 
bility of the displayed fragments. 

Fig. 6 and 7 show iri a cloning diagram how the fragments Were generated 
and cloned into the huFab vector and refers to the example 

Fig. 8 demonstrates the selection process. The naive library as described in 
Fig.4 comprises around 7x10 7 variants. Those are recombined in step A with 
each other generating the operative library with about 10 9 to 1 0 10 variants. 
Then in step B at least one selection procedure is performed in order to 
select candidates with desired properties. The selected , clones (1Q 2 to 10 s ) 
are recombined either with themselves and/or other selected clones or with 
naive clones (1,2 and/or 3) thus creating a secondary library with about 10 4 - 
10 9 variants. Those undergo at least one further selection round in order to 
obtain the optimal set of clones. It is understood that the process of selection 
and recombination can be performed as often as necessary in order to 
obtain the optimal set of clones. 

Fig. 9 shows the forward and back primers as described above. 

Fig. 10a shows an embodiment of the present invention wherein polynucleo- 
tides are recombined that have different interstructural motifs (regions) 
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between the structural units. The structural units encode for example protein 
domains responsible for the binding of a target. The interstructural motifs 
encode scaffold regions which ensure the overall correct fold of the polypep- 
tide. In order to allow an ordered recombination different restriction sites 1 to 
3 are used for each interstructural motif. These different restriction sites can 
be achieved by introducing or choosing binding sites for different restriction 
enzymes or in case a PRE is used the same binding site can be used if it is 
ensured, that the restriction site varies such that non-palindromic cohesive 
ends get created that differ from each other preventing recombination 
between "wrong" interstructural motifs. Due to this process it is ensured that 
recombination can take place at a high frequency also at regions with low or 
no homology on the DNA level by introducing appropriate binding sites and 
further that in the recombined molecules the original structure is rebuilt pre- 
venting the generation of unusable rejects with a wrong folding. 

Fig. 10b shows a different recombination possibility wherein there are differ- 
ent interstructural motifs which can freely recombine and wherein there are 
three subclasses of interstructural motifs wherein recombination is not sup- 
posed to take place between the subclasses. In order to assure the conser- 
vation of the overall structure three different restriction sites A to C are used 
for the three different interstructural motifs comprising different regions. In 
order to further assure that recombination does not take place between the 
subclasses (groups) of the third interstructural motif three different restriction 
sites C 1 to C 3 are used assuring that recombination only takes place in the 
respective subclass. As explained above it is possible to either use different 
restriction enzymes or to assure by for example nucleotide manipulation that 
different cohesive ends are created in the respective subclasses. 
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Fig. 1 1 shows the results of a completely human Fab library used for phage 
display-based selections on human VEGF (vascular endothelial growth 
factor) according to the invention (Example 3). Strongly ELiSA-positive 
clones were recloned to produce soluble Fab fragments. These were tested 
for binding activity using surface plasmon resonance. Finally, purification and 
Upconcentrating allowed for a kinetic analysis of soluble Fabs. 

Fig. 12 shows the results of a completely human Fab library used for phage 
display-based selections on human IGF (insulin like growth factor) according 
to the invention (Example 4). Strongly ELISA-pos.'rtive clones were recloned 
to produce soluble Fab fragments. These were tested for binding activity 
using surface plasmon resonance. Finally, purification and upconcentrating 
allowed for a kinetic analysis of soluble. Fabs. 

Fig. 13 a, b shows A schematic overview over the selection conducted, 
according to examples 3 and 4; 

Figure 14 shows the Phage ELISA as described in example 3. 

All antigens were immobilised at 100 ng/well. Detection was performed with 
a POD-conjugated anti-M13 monoclonal antibody. Absorption after staining 
with o-phenylene diamine was measured at 492 nm. hV: human VEGF; hV': 
another aliquot of human VEGF; mV: murine VEGF; BSA: bovine serum 
albumin; Hb: haemoglobin; hIGF: human IGF. Data are derived from double 
values. 
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Figure 1 5 shows the Phage ELISA as described in example .4. 
All antigens were immobilised at 100 ng/well. Detection was performed with 
a POD-conjugated anti-M13 monoclonal antibody. Absorption after staining 
with o-phenylene diamine was measured at 492 nm. hlGF: human IGF; hV: 
human. VEGF; mV: murine VEGF; BSA: bovine serum albumin. Data are 
derived from double values: 

Figure 16 shows the production and purification of soluble Fab fragments.. 
Amounts between 1 and 0.1 ug ovalbumin and 10 ul of starting material and 
of different eluate fractions were applied to SDS containing 10 % polyacry- 
lamide gels to facilitate the estimation of sample amounts. The gels were 
stained with Coomassie colloidal staining (ICN). 

Figure 17 shows the kinetic analysis for hVEGF: Sensorgram curves 
obtained for a VEGF-specific clone applied in a concentration series to. 
immoblized hVEGF fitted according to a 1:1 Langmuir binding. 

Figure 18 shows the kinetic analysis for hlGF: Sensorgram curves obtained 
for a hlGF-specific clone applied in. a concentration series to immoblized 
hlGF fitted according to a 1:1 Langmuir binding. 

Example 1 

HUMAN NAIVE ANTIBODY LIBRARY FROM PERIPHERAL BLOOD 

Elucidated is the generation of an example of a human naive antibody library 
according to the present invention. Figs. 10a and 10b indicate which primers 
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were used and where the generated fragments were introduced. Please note 
that the nucleotide residues at degenerated sites in the primers have the 
following meaning: R (purine; bases G and A), Y (pyrimidine; C,T), M (amino; 
A,C), K (keto; T,G), S (strong; C,G), W (weak; A,T), B (not A), D (not C), H 
(not G) or V (not T). A site where no common feature is evident is designated 
N(any). 

Background: 

1. Preparation of White Blood Cells 

Cells concentrated from half a litre human blood into a 60ml buffy coat were 
slowly poured into 95ml HBSS buffer ((31 BCOBRL) supplemented with 5ml 
heparin (1000u/ml) and were then loaded onto 4x1 5ml Lymphoprep gradi- 
ents (Nycbmed-Life Technologies) in 50ml Falcon tubes. White blood cells 
were separated by centrifugation for 25min at 1,625rpm at room tempera- 
ture. Upon centrifugation red blood cells migrated to the bottom of the gradi- 
ent and white cells formed an interface between the lymphoprep and blood 
serum. Each of the interfaces was removed with a syringe and placed into 
new Falcon tubes and cells were pelleted by centrifugation for lOmin at 
1,60Orpm , at room temperature. Pelleted cells were loosened by flicking the 
tubes, and were then lysed in 7.5ml RLT lysis buffer (RNeasy Kit, Qiagen), 
supplemented, with 75p.l of 14.4M p-mercaptoethanol. Genomic DNA was 
sheared by passing the lysate through a needle, for several times. Purifica- 
tion of the total cytoplasmic RNA was performed by following the procedure 
in manufacturer's manual (RNeasy Maxi Handbook, Qiagen). 

2. Preparation of cDNA 

On average 40|xg cytoplasmic RNA were used for the first strand cDNA 
synthesis using the protocol as follows: 40pg RNA in 22.5jxl were mixed with 
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2.5|il of 0.5mg/ml poly(dT) 18 _ 18 . The mixture was heated for 10min at 70°C 
and cooled on ice and was then spun for 5s at 5,0001pm. First strand cDNA 
synthesis cocktail was prepared in a final reaction volume of 50u1: 25|j.l RNA- 
poly(dT) 16 _ 18 , 2.5uJ of 10mM dNTP, 10^1 of 5x first strand buffer (GIBCO 
BRL), 5jj.l of 100mM DTT, and 5uJ H 2 0. The contents were mixed and pre- 
warmed for 2min at 47°C and were then supplemented with 600u of RNase 
H Reverse Transcriptase (Superscript™! I, GIBCOBRL). Reaction was per- 
formed for 1h at 47°C and terminated by heating for 15min at 70°C. Aqueous 
phase was transferred into new EEppendorf tubes after centrifugation for 
30min at 15,000rpm and cDNA product was ethanol precipitated. The pellet 
was rinsed with 70% ethanol, air dried, and was then dissolved in 15jxl 
DEPC-treated H 2 0. 5\i\ of the samples were used as template in each of the 
primary PCR amplifications. 

3. Primary PGR Amplification 

Second strands of the antibody gene fragments were generated by PCR 
using a set of reverse oligoprimers specific for the heavy and light chain vari- 
able regions. In total, in heavy-variable region amplifications, 12; in kappa- 
variable region 8; and in lambda-variable region amplifications 12 reverse 
oligoprimers were used. In the amplification of gene fragments each primer 
within each of these three sets of primers were used separately and at dif- 
fering concentrations. The final PCR amplifications included the said 12 V H , 8 
V?, and 12 V? primers were used with the respective forward primers to give 
32 independent first strand PCRs for each of the 37 blood donors. 

3.1 Final Concentrations of VH Primers in 100 nl PCR Reactions 

. Except oligoprimer VH8, heavy-chain variable fragments were used at 0.7nM 
final concentrations. VH8 was used at 1.4nM final concentration. 
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3.2 Final Concentrations of VX Primers 

VM: 1.8nM;Vk2,3,4,5,6,7,9, and 11: 0.9nM;V^8 and 12: 3.6nM; VMO: 
4.5nM. 

3.3 Final Concentrations of VK Primers 

VK1 ,2,4,5,6, and 7: 200nM; VK3: 1 OOnM; VK8: 50nM. 
In each of the above three sets of reactions three different forward oligo- 
primers, each specific to one of the chains, were used at 200nM final con- 
centrations. And amplification conditions were as follows: in a 1.5 niM final 
Mg+ concentration and using 1.5u Taq DNA polymerase (Amplitaq, Perkin 
Elmer) in a final reaction volume of 100jil, 5 min of initial denaturation were 
followed by 40 cycles of amplification: 1 min denaturation at 94°C, 1min 
annealing at 55°C, and 1min extension at 72°C. Reactions were terminated 
with a lOmin extension step at 72°C. 

In each of the above three sets of reactions three different forward oligo- 
primers, each specific to one of the chains, were used at 200 nM final con- 
centrations. And amplification conditions were as follows: 1.5 mM final Mg 2+ 
concentration, 1.5 u Taq DNA polymerase (Amplitaq, Perkin Elmer) in a final 
reaction volume of 100??l, 5 min initial denaturation followed by 40 cycles of 
amplification: 1 min denaturation at 94°C, 1 min annealing at 55°C, and 1 
min extension at 72°C. The final termination was a 10 min extension step at 
72°C. 

4. Quantification and Storage of Primary Amplification Products 

In total, 37 different cDNA preparations were made using 18.5L human blood 
from 37 donors. In V H gene fragment amplifications 32-36ml of PCR reaction 
pool, 30 (RNA samples)x1 2 (reverse oligoprimers)x100jil (each reaction vol- 
ume), were obtained. Similarly, in kappa-chain amplifications approximately 



PCT/EP2003/008305 

a reaction pool of 20ml , and in lambda-chain amplifications approximately 
32ml were prepared. For a given chain, each of the reverse oligoprimer am- 
plifications, from different RNA samples, were mixed together. These individ- 
ual pools were quantified by agarose gel electrophoresis after 
phenol/chloroform purification and ethanol precipitation. Based on this type 
of quantification, for V H gene fragments approximately 8|ug DNA per reverse 
oligoprimer pool, and therefore, in total, 8x12=96 ng DNA were obtained. 
Similarly, for lambda-chain gene fragments approximately 150 fig, and for 
kappa-gene fragments approximately 200|j,g DNA were recovered. 
Individual reverse oligoprimer amplification products were dissolved in 400jnl 
sterile water, then divided in four aliquots, and stored at -20°C. 

Human H-chain V-region back primers 



HVH-l : 


CAG 


;CCA 


GCA. 


ATG 


GCA 


CAG GTN 


CAG 


CTG 


GTR 


CAG TCT 


GG 




HVH- 


•2 : 


CAG CCA 


GCA 


ATG 


GCA 


CAG 


GTC 


CAG 


CTK 


GTR 


CAG TCT 


GGG 


G 


HVH- 


; 3 : 


CAG 


CCA 


GCA 


ATG 


GCA 


CAG 


GTK 


CAG 


CTG 


GTG 


SAG TCT 


GGG 




HVH- 


■4 r 


CAG 


CCA 


GCA 


ATG 


GCA 


CAG 


GTC 


ACC 


TTG 


AUG 


GAG TCT 


GGT 


GC 


HVH- 


•5 : 


CAG 


CCA 


GCA 


ATG 


GCA CAG 


GTG 


CAG 


CTG 


GTG 


GAG WCT 


GG 




HVH- 


•6 : 


CAG 


CCA 


GCA 


ATG 


GCA 


CAG 


GTG 


CAG 


CTG 


GTG 


SAG TCY 


GS, 




HVH- 


•7 : 


CAG 


CCA 


GCA ATG 


GCA 


CAG 


GTG 


CAG 


CTG 


CAG 


GAG TCG 


G 




HVH-8 : 


CAG 


• CCA 


GCA. 


ATG 


GCA 


CAG 


GTG. 


CAG CTG 


TTG 


SAG TCT 


G 




HVH-9 : 


CAG' 


CCA 


GCA 


ATG 


GCA 


CAG 


GTG 


CAG 


CTG 


GTG 


CAA TCT 


G 




HVH-l 0 : 


CAG 


CCA 


GCA ATG 


GCA 


CAG 


GTG CAG CTG 


CAG 


GAG TCC 


GG 




HVH-11 : 


CAG 


CCA 


GCA 


ATG 


GCA 


CAG 


GTG 


CAG 


CTA 


CAG 


CAG TGG 


G 




HVH-l 2 : 


CAG 


CCA 


GCA 


ATG 


GCA 


CAG 


GTA 


CAG 


CTG 


CAG 


CAG TCA 


G 





The nucleotides in bold correspond to. the 5-sequences of the V H region starting 
with the codon for amino acid number one. Primers are invariant for the first five 
nucleotides from position +1 of the V region. The first 15 nucleotides at the 5-end of 
the primers correspond to the 3-part of the pelB leader. 

Human H-chain J-region forward primers: 
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HiTHl: GGC TGA GGA GAC RGT GAC CAG GGT 
HJH2: GGC TGA AGA GAC GGT GAC CAT TGT 
HJH3 : GGC TGA GGA GAC GGT GAC CGT GGT 

The J-region primers consist of three individually synthesized oligonucleotides rep- 
resenting a total of 4 variants. All nucleotides are complementary to the J-region 
and the first codon at the 5-end corresponds to amino acid residue 1 14 of C H 1 - 



Human K-chain V-region back primers 

HVK-l: G CCG GCC ATG GCC GAC ATG CAR WTG ACC CAG TCT CC 

HVK-2: G CCG GCC ATG GCC GAC ATC CRG ATG ACC GAG. TCT CCW TC 

HVK-3: G CCG GCC ATG GCC GAC ATC GTG MTG ACC CAG TCT CC 

HVK-4: G CCG GCC ATG GCC GAC ATC GTG TTG ACS CAG TCT CCR SG 

HVK-5 : G CCG GCC ATG GCC GAC ATC GTG ATG ACY CAG WCT CCA C 

HVK-6: G CCG GCC ATG GCC GAC ATC GTG ATG AYR CAG TCT CCA SC 

HVK-7 : G CCG GCC ATG GCC GAC ATC GTG MTG ACW CAG TCT CCA GA 

HVK-8 : G CCG GCC ATG GCC GAC ATC GTA ATG ACA CAG TCT CCA CG 

These primers consist of eight individually synthesized oligonucleotides represent- 
ing. 27 variants. Nucleotides in bold correspond to the 5-sequence of the Vk gene 
starting with the codon for amino acid number one. 



Human K-chain constant-region forward primer 

HCK.Fozr: GTG TCC TTC TCG AGG CGC GCC TCA CTA ACA CTC TCC CCT GTT GAA GCT 

HGK.For is complementary to codons for the seven carboxy-terrhinal amino acid 
residues of the C K .domain, indicated by bold letters. The tandem stop codons and 
the Ascl site are underlined. 
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Human A,-chain V-region back primers 



HVX- 


1: 


G CCG 


GCC 


ATG 


GCC 


CAG 


TCT 


GYC 


CTG 


ACT 


CAG 


CCT 


G 




HVIi- 


2: 


G 


CCG 


GCC 


ATG 


GCC 


CAG 


TCT 


GCC 


CTG 


ACT 


CAG 


CCT 


C 




HVL- 


■3: 


G 


CCG 


GCC 


ATG 


GCC 


CAG 


TCT 


GTG CTG ACT 


CAG 


CCG 


TC 




HVIi- 


■4: . 


G 


CCG 


GCC 


ATG 


GCC 


CAG 


TCT 


ATG 


CTG ACT 


CAG 


CCC 


CAC 


TC 


HV1- 


■5: 


G 


CCG 


GCC 


ATG 


GCC 


CAG 


TCT 


GTG 


CTG 


ACT 


CAG 


CCA 


CCC 


TC 


HVL- 


■6: 


G 


CCG 


GCC 


ATG 


GCC 


CAG 


TCT 


GAG 


CTG 


ACT 


CAG 


GAC 


CCT 


GC 


HVL- 


■7: 


G 


CCG 


GCC 


ATG 


GCC 


CAG 


TCT 


GAG 


GTG 


ACT 


CAG 


GAG 


CC 




HVL- 


•8: 


G 


CCG 


GCC 


ATG 


GCC 


CAG 


TCT 


GTG 


ATG 


ACY 


CAG 


TCT 


CMA 




HVL- 


■9: 


G 


CCG 


GCC 


ATG 


GCC 


CAG 


TCT 


GTG 


CTG 


ACT 


CAG 


CCA 


CC 




HVL- 


-10: 


G 


CCG. 


GCC 


ATG 


GCC 


CAG 


TCT 


GTS 


BTG 


ACG 


CAG CCG CC 




HVL : 


-11: 


G 


CCG 


GCC 


ATG 


GCC 


CAG 


TCT 


CAG 


CTG 


ACG 


CAG 


CCT 


sc 




HVL- 


-12: 


G 


CCG 


GCC 


ATG 


GCC 


CAG 


TCT 


TTA 


YTG 


ACT 


CAA 


YCG 


ccc 


TC 



These primers consist of 12 individually synthesized oligonucleotides representing 
24 variants. Nucleotides in bold correspond to the 5-sequences of the VA, genes 
starting with the codon for amino acid number one. 

Human A,-chain constant-region forward primer 

HCL.For: GTC TCC TTC TCG AGG ; CGC GCC TCA CTA TGA ACA TTC YGT AGG GGC MAC 

HCL.For contains four variants and is complementary to codons for the seven car- 
boxy-terminal amino acid residues of the X constant domain, indicated by bold let- 
ters. The tandem stop codons and the AscI site are underlined. 

5. Heavy chain V-region design and amplications of heavy and light 
chains 
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The heavy chain V-regions were set up to have the following features: Dur- 
ing the process of structure-plexing, the HCDR3 can be shuffled against 
HCDR1 and HCDR2 regions. This shuffling in V„ is allowed in all three Kabat 
subgroups but the respective subgroup framework scaffold will be preserved, 
using subgroup specific restriction sites. 

5.1 Human H chain V-region extension PCRs 

The extension PCRs for variable heavy chains were used to insert these 
subgroup-specific restriction sites in the FR3 of Kabat subgroups V« I. V H II, 
and V H III (cf. Fig 2). To obtain subgroup specific sites, the heavy chain 
library 5'-fragments (FR1-FR3) were supplied with 5' Nhe\ and 3' Spel, Hin- 
d\\l and Xho\ recognition sites for V H I, V H H, and V H I 1 1, respectively: The 
heavy chain library Si-fragments (FR3-FR4, incl. HCDR3) were supplied with 
Spel H/nolll, and Xhoi recognition sites at the 5' end, respectively, and an 
M/ul'site at the 3' ends of each subgroup. Inserted FR3 restriction sites do 
not alter the amino acid sequence of the respective FR3. For illustration see 
figures 9 and 10. 

5.1 .1 5' part of H chain V-region extension PCRs 

3ul of the primary PCR products were used as template for the 5' fragments. 
All primers were used after phosphorylation by polynucleotide kinase (MB I 
Fermentas) to allow for a concatamerisation of, the final PCR products and 
yield better endonucleolytic digestion efficiency. Amplification conditions 
were as follows: 2 mM Mg 2+ , 200 pM dNTPs, 1 u Vent DNA polymerase 
(NEBiolabs) in a final reaction volume of 50?pl, 2 min initial denaturation 
(95°C) followed by 20 cycles of amplification: 30 s denaturation at 95 C, 30 s 
annealing at 48°C, and 30. s extension at 72"C. Primer concentrations were 1 
uM. 
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Human H-chain V-region back primer for the 5' moiety: 

HFRlNhe+ s 5 1 CCTTCCTTGCTAGCAGCACAGCCAGCAATGGCACAG 3 1 

H uman H-chain V-region forward primers for the 5' moiety: 

HlFR3Spe-: 5/ AGAAGGAAACTAGTGTCCGCGGTAATGGTG 3 1 
H4FR3Hind- : 5 1 TATAATAAAAGCTTCAGGGAGAACTGG 3 1 
H3FR3Xho-: 5« TATAATAACTCGAGAGATGGTGAATCGGCC 3! 

The recognition sites are underlined. H1FR3Spe- was used to prime on primary 
PGR products obtained with primers HVH1, 2, 3, and 6. H4FR3Hind- was used to 
prime on primary PCR products obtained with primers HVH4, 7, 10, 11, and 1Z ! 
H3FR3Xho- was used to prime on primary PCR products obtained with primers 
HVH3, 5, 8, and 9.. 

5-1.2 3' part of H chain V-region extension PCRs 

2-4 pi of the primary PCR products were used as template for the 3' frag- 
ments. Ail primers were used after phosphorylation by polynucleotide kinase 
(MBI Fermentas) to allow for a concatamerisation of the final PCR products 
and yield better endonucleolytic digestion efficiency. Amplification conditions 
were as follows: 2 mM Mg 2 *, 200 |JM dNTPs, 1 u Vent DNA polymerase 
(NJEBiolabs) in a final reaction volume of 5Q?pI, 2 min initial denaturation 
(95°C) followed by 15-20 cycles of amplification: 30 s denaturation at 95°C, 
30 s annealing at 58°C for V H I (54 and 55°C for VJI and V H IH), and 30 s 
extension at 72°C. Primer concentrations were 1 pM. 

Human H-chain V-region back primers for the 3' moiety: 

FR3HlSpe+ : 5 » CCAACCAAACTAGTACRAGCACAGCCTACATGG 3 1 
FR3H4Hind+: 5' CCAACCAA AAGCTTA GCTCTGTGACCGCCQCR 3' 
FR3H3Xho+ : 5 ' CAACCAATCTCGAGAYAATKCCAAGAACWC 3 ' 
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The recognition sites are underlined. FR3H1Spe+ was used to prime on primary 
PCR products obtained with primers HVH1, 2, 3, and 6. FR3H4Hind+ was used to 
prime on primary PCR products obtained with primers HVH4, 7, 10, 11, and 12. 
FR3H3Xho+ was used to prime on primary PCR products obtained with primers 
HVH3, 5, 8, and 9. 

Human H-chain V-region forward primer for the 3' moiety: 

JHMlu- : 5 1 TTGGTTACGCGTGGAGGCTGAAGAGACGGTGAC 
"this primer was used on all primary PCR products; The recognition site is under- 
lined. 

5.2 Human kappa and lambda extension PCRs 

Primary PCR products were used separated fronr) each other in the extension 
Amplifications. 3-4 pi of the primary PCR products were used as template for 
the extension PCRs to provide the light chain library fragments with 5' Sfi\ 
and 3' Ascl recognition sites comprising variable and constant domains (cf. 
Fig 10b). All primers were used after phosphorylation by polynucleotide 
kinase (MBI Fermentas) to allow for a concatamerisation of the final PCR 
products and yield better endonucleolytic digestion efficiency. Amplification 
conditions were as follows: 1.5 mM Mg 2 \ 200 pM dNTPs, 1 u Vent DNA 
polymerase (NEBioiabs) in a final reaction volume of 50 pi, 2 min initial de- 
naturation followed by 15-20 cycles of amplification: 30 s denaturation at 
95°C, 30 s annealing at 64°C for the kappa chains and .61°C for lambda 
chains, and 30-60 s extension at 72°C. Primer concentrations were 1 pM. 

Human kappa and lambda L chain V-region back primers: 

VkSfi+: 5 ' CTTTCTTTGGCCCAGCCGGCCATGGCCGAC 3 1 
VlamSfi+: 5 1 TTTCTTTGGCCCAGCC GGCCA TGGCCCAG 3 1 
The Sfi\ site is underlined. 

Human kappa and lambda L chain C-region forward primers: 
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VkAsc- : 5 1 CTTTCTTTAGGCGCGCCTCACTAACAC 3 1 
VlamAsc- : " 5 1 CTTTCTTTAGGCGCGCCTCACTATGAAC 3 1 
The Asc\ site is underlined. 



5.3 PCR product preparation 

V H 5' moieties were pooled according to their subgroup and purified via 1.6 
% agarose gel. DNA bands of correct size (260-280 bp) were cut out and 
purified by NucleoSpin Kit (Macherey Nagel). Purified fragments were 
concatamerised by running a ligase reaction with 1u T4-ligase per 10 pi re- 
action volume for at least 2 h at 10°C. 

After heat inactivation, ligated fragments were cut with Bcul (isoschizomer of 
Spel) in the case of V H I, H/ndlll (V„!l), and Xhol (V H lll) f addionally with Nhel 
for all three subgroups. 

V H 3' moieties were pooled and purified as the V H 5' parts above. DNA bands 
of correct size (170 bp for V H I and V H IM subgroup, 140 bp for V H II subgroup) 
were cut out and purified as above. Purified V H 3" fragments were 
concatamerised by running a ligase reaction with 1u T4-ligase per 10 pi re- 
action volume for at least 2 h at 10°C. 

After heat inactivation, the ligated fragments were cut with Bcul 
(isoschizomer of Spel) in the case of V H I, H/ndlll (V H II), and Xho\ (V H IU), 
addionally with Mt/I for all three subgroups: 

To remove the resulting end fragments the V H 5' and V H 3" fragments were 
again purified by NucleoSpin Kit (Macherey Nagel). 

All kappa light chains and all lambda light chains were pooled, each, frag- 
ments of ca 690 bp separated over a 1.5 % agarose gel, GFX purified, and 
concatamerised by running a ligase reaction with 1u T4-ligase per 10 pi 
reaction volume for at least 2 h at 10°C. 

The ligated DNA was subjected to endonucleolytic digestion with Asc\. After 
heat inactivating 4scl, kappa and lambda light chain DNA was S/7I digested 
for at least 3 h. The fragments of correct size were separated by agarose gel 
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electrophoresis (1 % agarose) and purification of the excised DNA fragments 
with GFX or NuecleoSpin kit (Amersham Pharmacia or Macherey Nagel). 



6. Preparation of the phagemid vector, directed mutagenesis 
6.1 Introduction of the Sapl site separating heavy and light chain 

The underlying phagemid vector pFab74 was developed in the laboratory of 
Prof Dr J. Engberg, Royal Danish School of Pharmacy, Copenhagen, Den- 
mark, following the expression vector pFab60 (Johansen et al., 1995). Figure 
2 depicts the Fab expression cassette and the cloning sites of the resulting 
vector pHuFab. To enable the process of plexing a Sapl site was introduced 
between constant light and variable heavy chain via PCR. Sapl is a type lis 
restriction endoriuclease. Thus, the resulting non-palindromic overhangs 
could be designed to differ between V H I, V H II, and V H III, ensuring that a pre- 
selected light chain pairing functionally with a certain heavy chain (from one 
of the three subgroups) will again find heavy chains of the same subgroup. 
Introduction of Sapl was carried out using the primers AscSap+, 
AscSapVH3+, or AscSapVH4+, respectively, together with the reverse 
primer 3'VNhe-. 

AscSap+ 5 ' TGATGAGGCGCGCCG£T£T^GAGAAAAGGAGACAGTC 3' 

AbcSapVH3+ ' 5 ' TGATGAGGCGCGCCGCTCTTCGGGGAAAGGAGACAGTC 3 ' 
AscSapVH4+ . 5' TGATGAGGCGCGCCSCICTTCGTAAAAAGGAGACAGTC .3 ' 
3'vNhe- 5' CACCCAGTTCATCCAAGAGG 3' 
. HUI Sfil+ 5 ' . TGGATT GTTATTACTCGCGG 3/ • 

The Sapl recognition site is underlined, the overhangs resulting from endonu- 
cleolytic cleavage of the V H subgroup-encoding DNA is in bold letters. 

The above primers were used at 1 pM, Vent exo" DNA polymerase (NEB) at 
0.8 u in a total of 50 pi. Annealing was allowed at 56°C for 30 s, elongation 
at 72°C for 30 s in 35 cycles. The resulting fragments of ca. 210 bp were 
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restriction digested with Nhel gel separated, and the 90 bp-fragments were 
purified by NucleoSpin Kit (Macherey Nagel) and used as reverse primers 
together with the primer HUI Sfil-i- in the following PCRs for each intended V H 
subgroup separately. Primers ca. 1 pM, Vent exo" DNA polymerase (NEB) at 
0.8 u in a tota) of 50 pi. Annealing was allowed at 55°C for 30 s, elongation 
at 72°C for 60 s in 35 cycles. The resulting fragments of ca. 800 bp were S//I- 
digested, <3 FX-purified and ligated into the vector which had been prepared 
by Sfft and Nhel restriction digests and gel purification. ' 
After these steps the three resulting vectors contained the desired Sapl-rec- 
ognitbn site followed by a V H subgroup specific cut site, repectively. 

6.2 Introduction of the V H -subgroup specific restriction sites into the V H 
sequences 

The required V^-subgroup specific restriction sites were obtained by the fol- 
lowing steps. 5' V H -fragments of each subgroup were concatamerised by 
ligation at 1 0°C for at least 2 h. After heat inactivation the DNA were cut by 
Nhel, after this by Seal, Hind\\\ 9 or Xhol for the V H I, II, and III subgroup, 
respectively- The 3V H fragments of each subgroup were concatamerised as 
well, then digested by Bcui, Hincf\l\, or Xhol. The digested 5' and 3' V H frag- 
ments were purified with a NucleoSpin Kit (Macherey Nagel), then ligated to 
give full length V H fragments ; (i5'-*-3 f ). Fragments of the correct sizei (ca 400 
bp) were excised from an agarose gel, purified by GFX (Amersham Pharma- 
cia), digested with Mai, purified again over spin columns, and finally ligated 
into the corresponding vectors (see step 6.1) prepared after excision of an 
Nhe\-Mlu\ fragment. 

7. Insertion of heavy chains into the prepared vectors 

The vectors prepared for subgroups V H I, V H II, and V H III now contained the 
subgroup-specific cloning sites Spel, H/ndlll f and Xhol, respectively. These 
vectors were prepared further by digestion with Nhel, then Scul 
(isoschizomer of Spel), HindlU or Xhol each for at least 1 h at 37°C. The ob- 
tained linear vector fragments were or were not subjected to dephosphoryla- 
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:ion (0.1 u calf intestine alkaline phosphatase; MBI Fermentas per jjg DNA, 
37°C for 30 min). The fragments were separated on 0.6 % agarose gels, 
Bxcised, and purified with GFX columns. 

1-2 ug vector fragments were ligated to a 3 molar excess of 5' Vn-fragments 
overnight at ca. 10°C. These 50-100 pi reactions contained 0.5-1 Weiss unit 
l"4-ligase (MBI) per 10 pi reaction volume. The reactions were stopped and 
Durified with GFX columns. The circularized DNA was transformed into E. 
70/i JM101, plated on large 2YT agar plates (including 20Ojjg/ml ampicillin, 

10 pg/ml tetracyclic and 0.4 % glucose) and grown overnight at 30°C. 

The obtained 5'V H -fragment libraries for subgroups V H I, V H II, and V H I 1 1 were 
larvested from the plates and parts were used , to inoculate maxi-cultures. 
The DNA of these cultures were prepared after a few hours growth at 30°C 
bllowing the manufacturer's protocol (Macherey Nagel), then digested with 
Lf/t/l and Bcuf, W/ndlll, or Xho\, each for at least 2 h at 37°C. The 5' -frag- 
nent library vectors were purified after agarose gel electrophoresis with GFX 
:olumns. The following overnight ligations with the pre-digested 3' V H -frag- 
nents were carried out under the same conditions as described for the 
5'fragment-part of the V H -library t ligations were purified and used for trans- 
ormations in E. cdli JM101 as above. The resulting V H -library ciones were 
ised to prepare DNA from maxi-cultures and to store bacteria as gycerol 
-tocks at -80°C. 

L Cloning of light chains and insertion into the vector 

"he V H -library vector obtained in step 7 was subjected to Sfil endonucleot- 
/tic restriction, after this, to AscI restriction. The open library vector was 
eparated over a 0.6 % agarose gel and purified with GFX columns. 1-2 pg 
>f prepared vector was ligated with a 3 to 6fold molar excess of Sf7i/Asc\- 
ligested kappa or lambda chain inserts overnight at ca. 10°C. These 40-120 

11 reactions contained 0.5-1 Weiss unit T4-ligase (MBI) per 10 pi reaction 
olume. The reactions were stopped and purified with GFX columns. Circu- 
arised DNA was transformed as described in step 7. 
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9. Origin of restriction endonucleases 

The restriciton endonucleases Bcu\, Hind\\\, and Mlul, Nhel, and Xho\ were 
purchased from MBI Fermentas, Germany; the enzymes S/71, Sap\ 9 Ascl 
were products of New England Biolabs, Germany. 

10. Production of packaged phagemids 

The frozen glycerol stocks for the V H subgroup I, II, and III each paired with 
kappa and lambda light chains were used to inoculate 200 ml 2YT, 600pg/ml 
ampicillin, 0.4 % glucose. After growth and infection for 1 h at 3T°C, bacteria 
were pelleted by centrifugation at 2000 xg for 10 min, then resuspended in 
200ml 2YT, 600pg/ml ampicillin, 0.5 mM-IPTG and at least 10 11 helper 
phages M13KQ7. Infection was allowed for 30 min at 37°C. Packaged 
phagemids were produced for 1 0-11 h at 25-30°C. The phages were purified 
by a two-fold PEG/NaCI precipitation. 

Example 3 
Methods: 

As the methods for example 1 and 2 were completely identical the following 
list of methods applies to both examples. 

1. Phage display selection: 

Purified recombinant VEGF or IGF was. coupled,. 'to EDC-/NHS activated 
paramagnetic carboxylic beads (Dynal, Oslo, Norway) at 3 pg protein per 
7x10 7 beads in 10 mM sodium acetate, pH 4.5 . Still reactive carboxylic 
groups were inactyated by 100 rnM ethanolamine at room temperature. After 
washing of the beads about 1x10 12 Fab displaying phages from the naive 
library were incubated with the immobilized target in 1 ml PBS including 1 % 
fish gelatine for 1 h. Washing was done 10x with PBST (0.001 % Tween 20) 
for a total of 35 min. Binding phages were eluted with 0.2 M glycine buffer, 
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pH 2.2, then neutralized with 1 M Tris, pH 8.0. Eluted phages were used to 
infect exponentially growing E. coli TOP10 F\ Bacterial growth was allowed 
on large 2YT agar plates (containing ampicillin, tetracycline and glucose) for 
about 24 h at 32°C. Colonies were scraped off the plate. For details con- 
cerning the obtained number of eluted clones cf. table 1 . 
After the first round of selection, harvested bacteria were used to start a 100 
ml bacterial culture to produce phagemid DNA in preparative amounts. After 
a few hours of growth bacteria were pelleted and subjected to DNA prepara- 
tion according to the manufacturer (Macherey Nagel, DOren, Germany). This 
DNA was subjected to structure plexing®. 

2. Structure plexing®: 

Briefly, the structure plexing® of DNA encoding Fabs from the first round of 
selection was carried out as outlined in figure 1: Sap\ digest: About 10 pg 
phagemid DNA was linearised at high concentration (between 0.2 and 1 pg 
DNA/pl) by Sapl according to the manufacturer (NEB, Frankfurt, Germany). 
After completion, the endonuclease was heat inactivated. 
Concatamerisation: Linearised DNA was ligated to concatamers using T4- 
DNA ligase (MB) Ferrnentas, St. Leon-Rot, Germany) for a few hours at 
10°C. After completion, the ligase was heat inactivated. Resolution: Ligated , 
DNA was digested with Bcu\, Hind III, and Xho\ roughly providing the 
conditions suggested by the supplier (MBI Ferrnentas). Again, the reaction 
was terminated by heat treatment. Circularisation: Appropriate DNA dilutions 
were determined emperically in test ligations and used to circularise the 
resolved concatamer DNA in an overnight ligation at 10°C. Reaction volumes 
were decreased by lyophilisatiori. The resulting circular DNA was either used 
for a) purification via GFX columns (Amersham Lifesciences, Freiburg, 
Germany) or for a further step b) light chain shuffling: An appropriate amount 
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of Asc\ was used to linearise the circular DNA. After completion, the enzyme 
was heat inactivated, followed by an Sffl digest Both enzymes were used 
following the suppliers instructions (NEB). To inactivate Sffl the reaction was 
purified via GFX columns, then ligated for a few hours at 10°C. This ligation 
was again GFX-purified. Both final purified DNAs (a and b) were used to 
transform 

E. coli TOP 10 F* by electroporation. Bacterial growth was allowed as 
described under 1. (phage display selection). Harvested bacteria were used 
to inoculate some 5O0 ml of 2YT including ampicillin. Helper phage infection 
was carried out after 1 h growth at 37°C. Phage production was allowed 
overnight at 25-28°C. To obtain purified and concentrated packaged 
phagemids the overnight cultures were pelleted, the supernatant "was used 
for a double precipitation of phages in PEG/NaCI. Resulting packaged 
phagemids were used in a further round of selection. This selection followed 
the principles as described under 1 . For variations please see table 1 . 

3. Screening of selected clones: 

60 clones from round 1 after plexing were picked randomly from agar plates 
and grown for a few hours at 37°C in 96 well microtiter plates using 2YT (incl. 
ampicillin and glucose). After helper-phage infection phage production was 
allowed overnight at 30°C. Bacteria were pelleted, the supernatant was used 
in a screening ELlSA. 100 ng human VEGF per well was coated o/n on 
polystyrene high binding plates (Coming, Amsterdam, Netherlands) at 8°C. 
After blocking the wells with BSA phage containing supernatants were 
incubated 1:1 with BSA for 1 h. Detection was carried out with a POD- 
conjugated anti M13K07 monoclonal antibody (Amersham Lifesciences). For 
staining o-phenylene-diamine was used in citrate buffer and absorption was 
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measured at 492 nm. Results of the screening are roughly reflected in figure 
1 . 

4. Phage ELISA: 

More detailed phage ELISA were carried out with packaged phagemids 
which had been purified and concentrated by double precipitation in 
PEG/NaCI. Human and murine VEGF and irrelevant antigens had been 
coated as described above. Incubation of purified phages and detection were 
carried out as under 3 except that srhaller volumes of phages were applied . 

5. Production of soluble Fab fragments: 

to produce soluble Fabs the phagemid vector of ELISA positive clones was 
Eagl digested (NEB) to remove the pill gene of M13K07. The vector was 
excised from a gel, purified and recircularised by ligation. In case 6f clones 
containing an Eagl recognition site, in their variable sequence, the complete 
Fab encoding cassette was separated from the vector by sequential 
restrictions with Not I (MB I Fermentas) then Sffi (NEB) and electrophoresis. 
The cassette was excised from the gel, purified via GFX columns and ligated 
with a vector lacking a Fab cassette and a pill gene. For both recloning 
approaches, inactivated ligations were used for the transformation of E. coll 
TOP10 P. Soluble Fab fragments were obtained from the supernatant of 
iPTG-induced. bacteria after growth for 6-8 h at 30°C. 

6. Purification of Fab fragments: 

Culture supernatant was dialysed against PBS or used undialysed for Nc- 
affinity chromatography. Fab containing material was pumped through a 
HiTrap chelating column (Amersham Lifesciences) and eluted with a gradient 
of imidazol. Successful purification and concentration was analysed by dot 
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blot experiments using a POD-labeled goat anti-human IgG (Fab) specific 
antibody and PAGE analyses (see Fig. 4). A series of different ovalbumin 
amounts were used to estimate the amount of Fab fragment after 
purification. . 

7. Kinetic analyses: 

technical procedure of kinetic analysis has been carried out as previously 
described by Karlsson et a!- (1991) and according to BIACORE manuals 
(BIAapplications Handbook and Instrument Handbook, Biacore AB, Uppsala, 
Sweden). Data were analyzed by application of standard software package 
provided by BIACORE company (B devaluation version 3). 
Brief description of analysis to obtain kinetic parameters for the* huFab - anti- 
gen interaction: 

BIACORE system for measuring molecular interactions has been used to 
study the kinetics of interaction between huFab and humanlGF or human- 
VEGF respectively, BIACORE uses a microfluidic unit in contact with a sen- 
sor surface for surface plasmon resonance detection. Antigen 
(humanlGF/humanVEGF) was immobilized in a dextran matrix attached to 
"the sensor surface. The interaction of matrix bound antigen with the corre- 
sponding huFab in solution is monitored label free in real time. The: interac- 
tion is displayed as a plot of response units versus time called sensorgram. 
Target proteins were immobilized with standard BIACORE amine coupling 
according to BIACORE manuals. To study the interactions huVEGF was 
immobilized , for separate experimental approaches at a response level of 
312 RU (response units) or 106 RU. Human IGF was immobilized at a level 
of 105 RU. Concentration series of huFabs in the range of 10" 7 M to 10' 9 M 
were injected in the microfluidic unit to monitor the interaction with the 
respective immobilized target. Data had been corrected for bulk effects and 
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instrumental interference by subtracting sensorgrams from a reference cell. 
Subsequently data were analyzed with BIAevaluation software. Affinity con- 
stants were obtained by fitting experimental sensorgram curves to a rate 
equation for a 1:1 interaction between analyte (huFab) and immobilized 
ligand. 

Karlsson R, Michaelsson A, Mattsson L. 1991 

Kinetic analysis of monoclonal antibody-antigen interactions with a new 
biosensor based analytical system. 
J Immunol Methods. 145: 229_40. 

Results: 

Using the complete. Human Fab-library highly specific phage could be 
isolated after two rounds of selection. VEGF-selected Fab displaying phages 
showed VEGF specificity in ELISA experiments compared to different control 
antigens(Figure 2). hIGF-selected phages proved to be specific for hlGF 
compared to controls (Figure 3). Recloning into soluble Fab format allowed 
kinetic analysis of soluble Fab fragments. PSR-experiments resulted in the 
following apparent dissociation constants (Figure 5-6). 
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Claims: 

1. A recombination process for recombining a population of heterologous 
polynucleotides comprising variant groups and/or regions, wherein 
recombination is performed within one group of polynucleotides and/or. 
between defined regions of polynucleotides by using different restriction 
sites in d ifferent groups and/or regions of polynucleotides. 

2. A recombination process according to claim 1, 

- wherein the polynucleotides comprise at least one section defining 
a structural unit and at least one section defining an interstructural 
motif; 

- wherein in the population at least two variant interstructural motifs 
are present; ' ' 

wherein variant interstructural motifs are recombined separately by 
. using different restriction sites in different interstructural motifs. 

3. A recombination process for recombining at least two polynucleotides 
comprising at least a structural unit and at least one Interstructural 
motif, comprising 

- cleaving the polynucleotides with at least one restriction enzyme 
creating a non-palindromic cohesive end thus creating a recombi- 
nation site; 

- wherein the recombination site is present in the interstructural motif 
which comprises a coding region of the polynucleotide;. 

ligating the resulting mixture of fragments. 

4. A recombination process according to at least one of the above claims, 
characterised, in that polynucleotides are recombined wherein the 
structural unit of different polynucleotides are heterologous and.wherein 
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the structural units are optionally made of structural subunits which are 
connected by interstructural motifs. 

5. A recombination process according to claim 3, wherein the structural 
units and/or the structural subunits are recombined. 

6. A recombination process according to claim 2, 3 or 4, wherein the inter- 
structural motif comprises a coding region of the polynucleotide, a non- 
coding region or a part of a vector sequence. 

7. A recombination process according to at least one of the above claims , 
wherein at ieast one restriction enzyme is used which creates a non- 

, palindromic cohesive end. 

8. A recombination process according to at least one of the above claims, 
wherein the restriction endonuclease creating the non-palindromic 
cohesive end is a PRE. 

9. A recombination process according to at least one of the above claims, 
wherein polynucleotides are recombined which are present in a vector. 

10. A recombination process according to at least one of the above claims, 

- wherein the polynucleotides are cleaved with at least one restriction 
enzyme creating non-palindromic cohesive ends, 

- wherein the cleaved vectors are ligated at high DNA concentrations 
allowing the formation of concaterners, 

- wherein the concaterners are resolved by cleavage with at least 
one further restriction enzyme 

- wherein the vector constructs are recircularised by ligation. 
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1 . A recombination process according to at least one of the above claims, 
wherein for different interstructural motifs different restriction enzymes 
are used thus creating unique sites for recombination. . 

2. A recombination process according to at least one of the above claims, 
wherein for different interstructural motifs the same restriction enzymes 
is used wherein the nucleotides are different at the cleavage site in dif- 
ferent iriterstructural motifs thus creating unique restriction sites for 
recombination. 

3. A recombination process according to at least one of the above claims, 
wherein a resolving enzyme is used which creates cohesive ends. 

4. A recombination process according to at least one of the above claims, 
wherein a resolving enzyme is used which creates non-palindromic 
cohesive ends. 

5. A recombination process according to at least one of the above claims, 
wherein the restriction site for the resolving enzyme is present in the 
interstructural motif. 

6. A recombination process according to at least one of the above claims, 
wherein the binding sites for one or more restriction enzymes and/or 
the nucleotide variation at the cleavage site are introduced by site spe- 
cific mutation at predefined positions. 

7. A recombination process according to at least one of the above claims, 
wherein the polynucleotides are vector constructs comprising sequence 
sections defining at least two structural units. 



8. A recombination process according to at least one of the above claims, 
wherein the polynucleotides comprise a variant gene family. 
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19. A recombination process according to at least one of the above claims, 

wherein the polynucleotides comprise a section encoding at least a 
variable heavy fragment of an antibody and/or a section encoding 
at least a variable light fragment of an antibody. 

20. A recombination process according to at least one of the above claims, 
wherein a population of polynucleotides is recombined wherein the 
polynucleotides encode at least the variable fragment of an antibody 
which defines the structural unit, 

wherein the CDR regions of the variable fragment define the structural 
subunits that are recombined with each other and at least the FRs 
define the interstructural motifs, 
• wherein at least two different subclasses, of the variable fragments are 
encoded by the: polynucleotide population thus defining different 
groups, 

wherein recombination is performed within each subclass separately by 
using, for each subclass a different restriction site in the interstructural 
. motif. 

21. A process according to at least one of the above claims, wherein the 
variable heavy fragment comprises the VH and CHI domains and the 

' and variable light fragments comprise the VL and the CL domains. 

22. A process according to at least one of the above claims, wherein the 
different framework subclasses present in the population of polynucleo- 
tides which are recombined are cleaved with different restriction 
enzymes creating cohesive ends. 

23. A process according to at least one of the above claims, wherein the 
restriction site is present within the FR3. 
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24. A process according to at least one of the above claims, wherein the 
polynucleotides encode the variable heavy and the variable light frag- 
ment of an antibody. 

25. A process according to at least one of the above claims, wherein at 
least one additional recombination site is located between the variable 
heavy and the variable light fragment which is used for shuffling the 
variable heavy fragment against the variable light fragment. 

26. A process according to at least one of the above claims, wherein a 
restriction endonuclease is used for shuffling the variable heavy frag- 
ment against the variable light fragment, which creates non-palindrbmic 
cohesive ends. . 

27. A process according to at least one of the above claims, wherein the 
. polynucleotides are vector constructs which comprise sections encod- 
ing the variable, heavy and the variable light fragment of an antibody, 
wherein at least two different subclasses of the variable fragments 
(heavy and/or (ight fragment) are encoded by the polynucleotide popu- 
lation thus defining different groups, 

- wherein the vectors are cleaved with , at least one restriction 
enzyme creating a non-palindromic cohesive end at a restriction 
site present in-between the sections encoding the variable heavy 
and the variable light fragment of an antibody thus allowing recom- 
bination between the heavy and the light fragments; 

- wherein upon usage of the at least one restriction enzyme a differ- 
ent cohesive end site is created in each group; 

- wherein the fragments are ligated thus allowing the formation of 
cpncatemers containing only members of one group; 

- wherein the concatemers are resolved by the use of at least one 
restriction enzyme at a restriction site present at an interstructural 
motif. 
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28. A process wherein, for resolving of the concatemers different restriction 
enzymes are used for different subclasses. 

29. A process according to at least one of the above claims, wherein a 
phage and/or phagemid display vector is used as a vector. 

30. A method for evolving a molecule by selection and recombination com- 
prising a recombination process according to at least one of the above 
claims. 

31. The method according to claim 30 comprising: 

a.) creating a starting library by cloning the polynucleotides to be 
recombined into an expression vector if the polynucleotide itself is 
• ■ not a vector 

b;> recombining the library members with a process according to at 

least one of the above claims 1 to 29 
c.) selecting Candidates with desired characteristics 
.. d.) optionally performing further rounds of selection and recombination. 

32. The method according to at least one of the above claims, wherein the 
library members respective the selected candidates are recombined 
with themselves or with other selected clones or members of the naive 
library. 

33. The method according to at least one of the above claims, wherein the 
polynucleotides are expressed via a method which allows physical cou- 
pling of pheno- and genotype. 



34. The method according to at least one of the above claims, wherein the 
recombined polynucleotides are expressed in a cell, and selection is 
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performed by screening or selecting for a particular phenotype amongst 
the clones. 

35. The method according to at least one of the above claims, wherein the 
oligonucleotides are selected for physical properties. 

36. The method according to at least one of the above claims, wherein a 
display library is created. 

37. The method according to at least one of the above claims, wherein the 
selection istep comprises selection for affinity to a defined target. 

38. The method according to at least one of the above claims, wherein a 
phagemid library is created, 

39. The method according to at least one of the above claims, wherein the 
polynucleotides are mutagenised. 

40. The method according to at least one of the above claims, wherein fur- 
ther recombination processes are performed in addition to the recombi- 
nation processes according to at least one of the above claims. 

41 . The method according to at least one of the above claims, wherein the 
further recombination processes are in vitro and/or in vivo recombina- 
tion processes. 

42. The method according to at least one of the above claims 31 to 41, 
wherein after step a.) and before step b.) a selection procedure is. 

43. The method according to at least one of the above claims, wherein 
recombination is performed at a type lis restriction site already present 
in the library. 
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44. A library containing heterologous polynucleotides comprising variant 
groups and/or variant regions within the polynucleotide, wherein the 
members of one group and/or the same regions have identical unique 
restriction sites which differ from the restriction sites present in other 
groups and/or regions. 

45. A library according to claim 44, wherein the polynucleotides comprise at 
least one section defining a structural unit and at least one section 
defining an interstructural motif, wherein in the population, at least two 

. variant interstructural motifs are present. 

46 A library according to claim 44 or 45, wherein the structural unit of dif- 
ferent polynucleotides are heterologous and wherein the structural units 
are optionally made of structural subunits connected. by interstructural 
motifs. 

47 A library according to at least one of the above; claims wherein the 
polynucleotides are or are present in a vector. 

48. A library according to at least one of the above claims, wherein the 
interstructural motif comprises a coding region of the polynucleotide, a 
non-coding region or part.of the vector sequence. 

49. A library according to at least one of the above claims, wherein the 
unique restriction sites are located at the interstructural motifs. 

50. A library according to at least one of the above claims, wherein at least 
one interstructural motif has a binding site for a PRE. 
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51. A library according to at least one of the above claims, wherein the 
polynucleotides are derived from nature and/or are at least partially 
synthetical polynucleotides sequences. 

52. A library according to at least one of the above claims, wherein the 
polynucleotides comprise a variant gene family. 

53. A library according to at least one of the above claims, 

wherein the polynucleotides comprise a section encoding at least a 
variable heavy fragment of an antibody and/or a section encoding 
at least a variable light fragment of an antibody. 

54. A library according to at least one of the above claims, 

wherein the polynucleotides encode at least the variable fragment of an 
antibody which defines the structural unit, 

wherein the CDR regions of the variable fragment define the structural 
subunits and at least the FRs define the interstructural motifs, 
wherein at least two different subclasses of the variable fragments are 
encoded by the polynucleotide population thus defining different 
groups, 

wherein each subclass has a different restriction site in the interstruc- 
tural motif. 

55. A library according to at least one of the above claims, wherein the 
variable heavy fragment comprises the VH and CH1 domains and the 
and variable light fragments comprise the VL and the CL domains. 

56. A library according to at least one of the above claims, wherein the 
restriction site for a resolving enzyme is present within the FR3 of the 
heavy chain. 
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57. A library according to on of the above claims, wherin the restriction site 
for a resolving enzyme is present within the FR3 the light chain. 

58. A library according to at least one of the above claims, wherein the 
polynucleotides encode the variable heavy and the variable light frag- 
ment of an antibody. 

59. A library according to at least one of the above claims, wherein at least 
one additional recombination site is located between the variable heavy 
and the variable light fragment which is used for shuffling the variable 
heavy fragment against the variable light fragment 

60. A library according to at least one of the above claims, wherein the 
polynucleotides are vector constructs which comprise sections encod- 
ing at least the variable heavy and the variable light fragment of an 
antibody, wherein at least two different subclasses of the variable frag- 
ments (heavy and/or light fragment) are encoded by the polynucleotide ■ 
population thus defining different groups. 

61. A library according to at least one of the above claims, wherein, the 
vector is a phage or phagemid vector. 

62. A process for producing a substance with special characteristics, com- 
prising ' 

- recombining and selecting a polynucleotide library for special char- 
acteristics according to at least one of the claims 44 to 60 accord- 
ing to a process according to claim 1 to 43, 

- recovering at least one clone comprising the polynucleotide depict- 
ing the desired characteristic, 

amplifying said polynucleotide in vivo or in vitro 

manufacturing the substance which is either the expression product 

of the polynucleotide or comprises the latter. 



WO 2004/013328 CT/EP2003/008305 



63. Use of a molecule generated from a library according to claim 61 by a 
method or process according to at least one of the above claims for the 
treatment of diseases or for therapy. 

64. Use of the products derived by the process of the present invention for 
deriving human therapeutic antibodies and antibody fragment conju- 
gates. 

65. Use of. antibodies or antibody fragments generated from sequences 
which are selected from a library according to at least one of the above 
claims according to method or process according to at least one of the 
above claims, as diagnostics and/or therapeutic products for the treat- 
ment of diseases including immune dysregulatibn (including psoriasis), 
cancer, septic arid toxic shock, blood haemostasis, nerve regeneration, 
pain, psychological disorders, appetite dysregulation, sexual dysfunc- 
tion and wound healing or for vaccines. 

66. Use of antibodies or antibody fragments generated from sequences 
which are selected from a library according to at least one of the above 
claims according to method or process according to at least one of the 
above claims for targeted delivery of pharmaceuticals to differentiated 
or neoplastic animal or human cells or as cosmeceutical. 
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